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Felix Eugen Fritsch 


F. E. Fritsch, Emeritus Professor of Botany at the University 
of London, died on May 23rd 1954 at the age of 75. He graduated 
at London and then went to Munich for three years where he pro- 
ceeded to the degree of Ph. D. In 1902 he returned to London to take 
up an appointment in the university, on whose staff he remained for the 
rest of his employed life — his working life lasted almost to the day 
of his death. Taking charge in 1911 of the department of botany at 
East London College, later named Queen Mary College, he became 
University Professor in 1924. In 1932 he held a visiting Professor- 
ship at Stanford University in America and in 1938 he visited India 
and Ceylon, in the latter of which countries he had done some 
work in 1903. The Royal Society elected him a Fellow in 1932 and 
awarded him its Darwin Medal in 1950. He was also honoured by 
many foreign scientific bodies and was: Hon. Mem. Ind. Bot. 
Soc.; Hon. Mem. Soc. Roy. Bot. Belgique; Hon. Mem. Zool.-Bot. 
Gesellschaft, Wien; Corresp. Mem. Bot. Soc. America; Hon. Mem. 
K. Natuur. Genootsch. Dodonaea, Gent; Corr. Philadelphia Acad. 
Sci.; For. Mem. K. Fysiogr. Sallsk. Lund, Sweden; For. Mem. 
Norwegian Acad. Sci. and Letters, Oslo; For. Mem. Reg. Soc. 
Scient. Uppsala; For. Memb. Kon. Vlaamse Acad. voor Wetensch. 
lett. Sch. Kunst. Belgium. 

Fritsch’s first published work appeared in 1902 and thereafter 
for half a century scarce a year passed without some further con- 
tribution to science from his pen, a remarkable feat considering his 
other duties and the scope of his book ,,The structure and Repro- 
duction of the Algae’, of which vol. 1 appeared in 1935 and vol. 
2 in 1945. These works speak for themselves. 

As a teacher, Professor Fritsch expounded general principles and 
the wide view with lucidity, but never allowed himself or his students 
to forget the importance of painstaking attention to detail — indeed 
his fame in other spheres was due to his ability to balance these 
two, for he never let himself either be carried away by flights of 
general fancy or be bogged down by excess of detail. His interest 
in teaching is reflected in the several text-books that he wrote, and 
his success in the number and standing of his old students throughout 
the country. 

Few men seek to make a name in all three branches of university 
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work, research, teaching and administration; Fritsch was a master 
of each. For his sound and balanced judgment of affairs, his quick 
discernment of essentials, his ability to see points of view at variance 
with his own, and his equable temper, he was much in demand as 
a committee-man, and within a year of his death was still shouldering 
new responsibilities. After his retirement in 1948 he travelled some- 
times several times a week to London from Cambridge, whither 
he had gone when this department moved there early in the war and 
where he had settled down, going up winter and summer as heedless 
of vagaries of the British climate, or of a frail body that had never 
been robust, as he had been a few years previously of the menace 
of the King’s enemies. The British Ecological Society, The Botanical 
Section of the British Association for the Advancement of Science, 
The Linnean Society, and later, in 1953, the newly formed British 
Institute of Biology, and the International Association of Limnology, 
of which he was a founder member, elected him to the office of 
President. He was never a mere figure-head but quickly made himself 
familiar with the affairs of the society and kept in constant touch 
with the day-to-day run of business. The writer served under him 
for an all-too-short period as secretary of the last-named body and 
recalls vividly his keen interest, his quick grasp, his active help, 
and his wise advice. He gave advice freely, as the old do, but proffered 
it with the utmost modesty and was singularly uninsistent that it 
should be followed. He had the virtues without the vices of old age. 

In his presidential address to the British Association in 1927 he 
drew attention to the lack in Britain of any station for freshwater 
research of the kind that had been making notable contributions to 
science in several continental countries for several decades. The 
topic was taken up again in the following year and special discussions 
were held. The outcome was the foundation in 1929 of the Fresh- 
water Biological Association, a delicate plant from the financial 
point of view. But the small group of distinguished men who had 
laboured to produce this seedling continued to devote much time 
to tending it. After a few precarious years, its roots tapped the rich 
nutritive layer of Government support and subsequent development 
was vigorous. Professor Fritsch, chairman of the council from the 
beginning, continued to take the greatest interest in all that went 
on and could devote his attention as seriously to some small domestic 
matter as to the programme of algological research. His death, the 
first gap in the ranks of the Old Guard, was felt keenly among his 
colleagues on the council and among the staff. 

Fritsch’s achievements compelled respect; his dauntless spirit 
in a frail body admiration; and his cheerful friendliness and kindness 
affection. He passed through life serene and unperturbed, and migh 
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be said:to be one who was always looking for trouble — so that he 
might pour oil on the waters. No lame dog baulked by a stile was 
ever left on the wrong side if Professor Fritsch came within sight. 
Those who knew him out of working hours will rarely, as their 
minds roam back into the past, picture him for long without Mrs 
Fritsch, so cheerful, friendly and kind too. All who knew them will 
grieve for her in her solitude. 
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The plankton algae of three 
Ceylon Lakes ” 


by 
E. C. T. HOLSINGER 


(with six figures in the text) 


INTRODUCTION 


Little is known about the freshwater algae of Ceylon. In 1902 
W. & G. S. West described algae collected mainly from rice-fields, 
while later LEMMERMANN (1907) gave an account of algae from two of 
the lakes. Crow (1923a) reported on the planktonic Myxophyceae and 
Chlorophyceae collected by F. E. FRitscH in the lowlands and 
highlands. 

The algae dealt with in this paper were collected between March 
1949 and January 1952 from three lakes. viz., (a) Beira lake situated 
almost in the centre of Colombo, (b) Nuwara Wewa tank”) near the 
ancient town of Anuradhapura, almost at sea-level, and (c) Lake 
Gregory within the town of Nuwara Eliya, at an elevation of 1900 
metres above sea-level. Samples of the water were collected from a 
boat some distance away from the banks and the plankton algae in 
them were obtained by sedimentation. Collections were made in 
all three lakes between March 1949 and March 1950 by the author, 
and between March 1951 and January 1952 in the Beira lake by Mr. 
H. VERE CLAASZ. 

The algae in the samples are here dealt with from the taxonomic 
point of view. A later paper will discuss the causes for their observed 
distribution and periodicity. 

In the following list of the plankton algae present new records 
for Ceylon are indicated by an *, while the numbers after the species 
indicate the lakes in which they occurred — (1) Beira lake, (2) 
Nuwara Wewa tank, (3) Lake Gregory. 


') Part of thesis approved for the Degree of Doctor of Philosophy in the 
University of London. 

2) A tank” is a large artificial reservoir, built early in the Christian era for 
the irrigation of the lowland rice-fields. 
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Achnanthes minutissima Kiitz., var. cryptocephala Grun. (1—3) 
Actinastrum Hantzschit Lagerh., var. elongatum G. M. Smith (3) 
Aphanocapsa delicatissima W. & G. S. West (3) 
Aphanothece nidulans P. Richt. (3) 

Arthrospira platensis (Nordst.) Gom. (1) 

Chroococcus dispersus (v. Keissler) Lemm. (1—3) 
cata dispersus (v. Keissler) Lemm. var. minor G. M. Smith 
1—3) 

Chroococcus limneticus Lemm. var. subsalsus Lemm. (1—3) 
Coelastrum microporum Naeg. (3) 

Cyclotella ceylonica sp. nov. (1) 

Cyclotella stelhgera Cl. & Grun. (3) 

Cylindrospermum sp. (2) 

Cymbella gracilis (Rabh.) Cleve (3) 

Dinobryon cylindricum var. ceylonicum Lemm. (3) 

Eunotia flexuosa Kiitz. (1—3) 

Eunotia lunaris (Ehr.) Grun. var. capitata Grun. (1—3) 
Frustulia rhomboides (Ehr.) De Toni var. saxonica (Cl.) 

De Toni forma undulata Hust. (1—3) 

Lyngbya circumcreta G. S. West (2) 

Lyngbya limnetica Lemm. formae (1—3) 

Lyngbya sp. A (1—3) 

Lyngbya sp. B (1—3) 

Melosira ambigua (Grun.) O. Mill. (3) 

Melosira granulata (Ehr.) Ralfs (1—2) 

Merismopedia tenuissima Lemm. (1—3) 

Microcystis aeruginosa Kitz. (1—3) 

Microcystis flos-aquae (Wittr.) Kirchn. (1—3) 

Microcystis lamelliformis sp. nov. (1—3) 

Microcystis marginata (Menegh.) Kitz. (3) 

Navicula cincta (Ehr.) Kiitz. forma major f. nov. (3) 
Navicula radiosa Kiitz. forma (3) 

Oscillatoria Agardhiti Gom. forma (1—2) 

Oscillatoria limnetica Lem. forma (1—3) 

Oscillatoria simplicissima Gom. forma (1, 3) 

Oscillatoria tenuis Ag. var. natans Gom. (3) 

Oscillatoria sp. (1—3) 

Pediastrum duplex Meyen var. * clathratum (A. Br.) Lagerb. (3) 
Pediastrum duplex Meyen var. * gracillimum W. & G. S. West (3) 
Pediastrum tetras (Ehr.) Ralfs (3) 

Pinnularia tropica Hust. forma (3) 

Pseudanabaena catenata Lauterb. (2) 

Raphidiopsis curvata Fritsch forma (2) 

Raphidiopsis sp. (1) 


Scenedesmus abundans (Kirchn.) Chod. var. * brevicauda G. M. 
Smith (3) 
Scenedesmus acuminatus (Lagerh.) Chod. (1—3) 
* Scenedesmus longispina Chod. (1—3) 
Scenedesmus quadricauda (Turp.) Bréb. var. * parvus G. M. 
Smith (3) 
Staurastrum brachioprominens Boerg. forma (3) 
Staurastrum coarctatum Bréb. var. subcurtum Nordst. forma (3) 
Staurastrum dejectum Bréb. var. patens Nordst. forma (3) 
Synechocystis Revalekiit Ercogovic (1—3) 
Synedra affinis Kiitz. (3) 
Synedra nana Meister (3) 
Synedra ulna (Nitzsch.) Ehr. (1—3) 
Tabellaria fenestrata (Lyngb.) Kiitz. (3) 
Tabellaria flocculosa (Roth.) Kiitz. (3) 
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The three lakes exhibit certain similarities but differ in regard to 
the quantity of phytoplankton present and the distribution and 
periodicity of the major groups and of certain genera and species. 
Both in the Beira lake and in the Nuwara Wewa tank Myxophyceae 
are strongly represented but there is a striking difference in the size 
of the species present; in the latter 50% of the phytoplankton is 
constituted by species with very short and narrow filaments. Myxo- 
phyceae form 95% of the phytoplankton of Beira lake, the remainder 
being made up of Cyclotella ceylonica and a few other Diatoms, as 
well as of species of Chlorococcales. In Nuwara Wewa tank 87% 
of the plankton consists of Myxophyceae, the remainder being made 
up of Melosira granulata and other Diatoms, as well as of species of 
Chlorococcales. Lake Gregory presents a different picture; here 
65% of the plankton consists of Melosira ambigua and only 30% 
of Myxophyceae, the remainder comprising Desmids (three species of 
Staurastrum) Dinobryon cylindricum var. ceylonicum, Pediastrum 
duplex, and species of Diatoms and of Chlorococcales. 

The difference in elevation between Lake Gregory and the other 
two is correlated with temperature differences, the mean annual 
temperature of Lake Gregory being 15° C, that of the lowland lakes 
27° C. The three lakes also differ in their surroundings; Beira lake 
is near certain insanitary parts of Colombo while Nuwara Wewa 
tank lies in a vast expanse of flat country covered mainly with jungle, 
and Lake Gregory occupies a mountain basin surrounded by tea 
plantations on the hill-sides. Other differences, such as the nature of 
the surrounding soil, the amount and distribution of rainfall, the rate 
of flow of the lake-water and differences in pH, conductivity and 
ammonia content of the water will be considered in a later paper. 
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TAXONOMIC NOTES 
Myxophyceae (Cyanophyceae) 


Microcystis aeruginosa Kitz. (Fig. 1). WESENBERG—LUuND (1904) 
states that Polycystis (Clathrocystis) aeruginosa Kiitz. is connected 
by numerous transitional stages with Polycystis flos-aquae Wittr. 
(Microcystis flos-aquae (Wittr.) Kirchn.). CRow’s observations on 
Ceylon material (1923b; cf. also OSTENFELD, 1908) led him to similar 
conclusions. GEITLER (1932) is of the opinion that the two species M. 
aeruginosa and M. flos-aquae are probably only stages of a single one 
and Drovet and Dalry (1939) advocate their union; TEILING (1941), 
on the other hand, clearly distinguishes M. aeruginosa and M. 
flos-aquae. 

In my Ceylon material M. aeruginosa is readily distinguishable 
from other species of the genus by the following characters: 

(i) The presence of a clearly defined and highly refractive layer 
in the bounding mucilage (Fig. 1, A—H), as pointed out by TEILING. 

(ii) The comparatively large size of the cells which tend to be 
distributed irregularly (Fig. 1, A—K). 

(iii) The crowding of the pseudovacuoles in the inner part of the 
chromatoplasm (Fig. 1, M). 

Pseudovacuoles are a constant feature and they are also con- 
spicuous in dividing cells. They are usually comparatively large and 
generally irregular in shape. 

WESENBERG—LUND (1904) found that winter-forms of M. aeru- 
ginosa had a very thick mucilage-envelope which was often arranged 
in distinct layers. In my material, collected in different seasons, the 
peripheral layer of the mucilage-envelope is composed of two definite 
strata, readily distinguishable by suitable staining and by mounting 
the colonies in watery sepia or Indian ink when the inner refractive 
stratum stands out conspicuously and the outer is demarcated by 
the surrounding dark medium. The highly refractive inner stratum 
appears to have been observed by various observers, and it is presum- 
ably this which WESENBERG—LUND describes as “‘the sharp outline 
which the Clathrocystis colonies have”. The wide zone of mucilage 
external to the refractive layer, which is seen in the Ceylon material, 
is not referred to by other observers. It is approximately 5 w thick, 
while the refractive layer seldom exceeds 1 . In young colonies the 
outer stratum has a definite contour, but in older ones it tends to 
become diffluent at the surface and small algae and bacteria adhere 
‘0 it, although they do not appear to penetrate into the inner layer. 
The two strata probably differ not only in refractive index and den- 
ity, but also in chemical composition, since with suitable stains 
hey assume somewhat different tints. 
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The colonies of M. aeruginosa assume diverse forms (Fig. 1 A—K). 
Very young ones are spherical or lens-shaped but as they enlarge 
they put out more or less spherical protrusions and lose their regular 
form; later these buds assume the form of elongate or irregularly 


Fig. 1 
Microcystis aeruginosa Kitz. A—G, I & K, colonies of diverse shapes; the 
continuous line marks the highly refractive stratum, and the dotted line the 
boundary of the outer layer of mucilage, as observed in colonies mounted in 
aqueous sepia. H, colony stained in very dilute aqueous Bismarck Brown; the 
dark line represents the refractive stratum of the mucilage. L, colony showing 


buds lying at different levels. MM, a few cells, showing pseudovacuoles and 
cell-sheath. 


shaped sacs. Tubular colonies (Fig. 1 K) are rare; in the figure a 
spherical bud has been abstricted at one end and another bud is in 
process of formation at the other end. The irregularly rounded colony 
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shown in Fig. 1, I, appears to be a bud that has separated completely 
from a colony like that shown in K. Occasionally a spherical colony 
enlarges without budding (Fig. 1, E), but generally it begins to bud 
when only 20 « in diameter. The buds lie at different levels (Fig. 1, 
L) as is evident when colonies are examined in water in a shallow 
dish (see TEILING 1941, Figs. 1—7). It is difficult to understand why 
WESENBERG—LUND speaks of the colonies as “‘flat’’. 

In my material the cells form denser clusters in different parts of 
the colony. This is noticeable even in young colonies and a regular 
disposition of cells is seldom observed in coionies over 4 in dia- 
meter. The tendency of the cells to form clusters is noticeable in 
M. robusta (CLARK) NyGAARD (see GEITLER, 1932) which lacks 
pseudovacuoles; were it not for this, it would have been attractive to 
speculate whether M. robusta might not be identical with M. aeruo- 
ginosa in view of the definite outline of the colony and the compa- 
ratively large size of the cells. 

Cells less than 5 w in diameter were not found in the Ceylon 
material. Spherical cells were generally 5—6 w broad, only occasion- 
ally reaching 7 w. The largest (sub-spherical) cells, which appeared 
more or less oval in optical section, measured 8 x 6 yw. TEILING 
gives the diameter of the cells as over 5 uw, G. M. SMITH (1920) that 
of the typical form as 3—4 w and of the var. major as 5.5—6.5 . 
Crow gives the diameter as 3—7 wu. 

In all three lakes M. aeruginosa was found together with M. 
flos-aquae. 


Microcystis flos-aquae (Wittr.) Kirchn. (Fig. 2). There appears to be 
agreement that the mucilage-envelope of this species is hyaline, 
homogeneous, delicate and without a definite contour, implying that 
a highly refractive stratum, such as is conspicuous in M. aerugi- 
nosa, is absent. The edge of the envelope is recognisable in unstained 
material by the adhering foreign bodies. When suitably stained, the 
inner part is more deeply coloured, and the tint decreases gradually 
towards the edge (Fig. 2, D). The mucilage seems denser nearer the 
mass of cells, but no stratification is observable. 

The youngest colonies are spherical (Fig. 2, A, 1 & 2), and may 
retain this shape up to a diameter of as much as 200 yw, although more 
often the spherical form is lost before that size is reached. Even some 
colonies of macroscopic dimensions may, however, possess an appro- 
ximately circular outline so that they are more or less lens-shaped; 
that shown in Fig. 2, E & F measured 1.5 x 1.3 x 0.6 mm, and 
consisted of a very densely packed mass of cells, estimated as 34,000. 
Approximately spherical colonies, with a central region devoid of 
cells, are sometimes found. (Fig. 2, A, 9). Not uncommonly the 
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Microcsytis flos-aquae (Wittr.) Kirchn. A, 1—9, colonies of diverse shapes, 
the dotted line indicating the limit of the mucilage-envelope when mounted 
in aqueous sepia. B, roundish clathrate colony. C, cells with pseudovacuoles. 


D, colony stained in dilute aqueous Bismarck Brown. E & F, surface- and 
side-views of a large colony. 
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colony consists of smaller, more or less spherical units (@ige2,/Ay 8). 
The cells are dark blue-green and more deeply pigmented than those 
of the other species. When preserved in 4°% formalin, the dark grey 
colour which replaces the blue-green is likewise deeper than that of 
the other species. The density of arrangement of the cells in general 
varies directly with the size of the colony. In very young ones (Fig. 2, 
A, 1—3) it is not very dense, but as the colony grows in size the cells 
become more crowded. Dense packing of the cells is to be regarded 
as typical of M. flos-aquae. In optical section they appear circular, 
sometimes oval. Spherical cells measure 4—5 w in diameter, oval 
ones,95:< 6:5 p. 

Pseudovacuoles are a constant feature of the cells of M. flos-aquae. 
They are more frequent in the outer part of the chromatoplasm, and 
this, coupled with the thinness of the cell-sheath, tends to make the 
cells appear irregular in outline. 


Microcystis lamelliformis sp. nov. (Fig. 3). 

Diagnosis. Colonies free-floating, spherical or irregular when very 
young, lamellate or lenticular when older and attaining macroscopic 
size, mucilage-envelope wide or not extending beyond the cell-mass. 
Cells spherical, diam. 3—4 yw, loosely aggregated, cell-sheath well 
marked; pseudovacuoles numerous, small and more or less rounded. 

Very young colonies are spherical or of irregular shape (Fig. 3, 
A—C), but older ones are generally lamellate and occasionally lenti- 
cular, but never pellicular. The area of the colony shown in Fig. 3, 
D and E, was approximately 1.3 « 1.2 mm, but its greatest thick- 
ness was only 0.15 mm and it was only ten cells deep in its thickest 
portion. The cells are always loosely aggregated and are less crowded 
in the larger than in the smaller colonies. 

The colonial mucilage is invisible until stained, when it shows a 
definite margin (Fig. 3, F); this lies at a varying distance from the 
cell-mass being close to it or well separated from it in different parts 
of the same colony. The mucilage is homogeneous and is stained 
equally deeply throughout. 

The cells (Fig. 3, F) are usually spherical, though somewhat 
elongate before division which occurs freely in the plankton. Spheri- 
cal cells are 3—4 in diameter, oval cells up to 5 w long. The celis 
tend to lie in short rows of 3, 4, 5 or more. The cell-sheath is well 
defined and stains somewhat differently from the general mucilage. 
Small, more or less rounded, pseudovacuoles are always present. 

The lamelliform shape of the colony and the rather loose aggre- 
gation of the cells are characteristics which aid in the identification, 
particularly of the older colonies. The young spherical or irregularly 
shaped colonies (Fig. 3, A—C) might at first sight be confused with 
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small colonies of M. flos-aquae, but can be distinguished from the 
latter by the smaller size of the cells, their less compact aggregation, 
paler colour and smoother outline. Very young colonies are easily 
distinguished from those of M. firma (Bréb. et Lenorm.) which are 
pellicular and have distinctly smaller cells (0.8—2.3 yw). The older 
colonies are characterised by the fact that their shape is lamellar or 
lenticular and not pellicular, and considerably larger with bigger cells. 


— 
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Microcystis lamelliformis sp. nov. A—C, small colonies. D, large colony in 
surface-view; EH, the same in side-view. F, small colony enlarged, the conti- 
nuous line showing the limit of the mucilage-envelope; cells show pseudo- 
vacuoles and cell-sheaths. 


Oscillatoria agardhii Gom. forma (Fig. 4, A). Trichomes free- 
floating, solitary, straight throughout, seldom exceeding 100 w in 
length, tapering slightly at one end which is capitate. Cells 3.5—4 yu 
broad, 1—3 wu long, not constricted at the septa, with large pseudo- 
vacuoles. 

This form differs from the type in the fact that the septa are not 
granular; in this respect, as well as in the form of the end of the 
trichome and the flat cells. it resembles O. Martini Frémy. The 


determination may require modification after examination of fresh 
material. 
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Oscillatoria limnetica Lemm. forma (Fig. 4, B). Trichomes solitary, 
straight or slightly curved. seldom more than 100 « long, not tapering 
towards the apex. End-cell bluntly rounded and without a calyptra. 
Cells 1 « broad, 2.5—7 « long, not constricted at the septa which are 
clearly visible, but devoid of granules. 

The Ceylon form, though narrower, resembles the type in the 
proportion of cell-length to cell-breadth, but differs in the absence 
of constriction at the septa. PRescoTr (1951) records material in 
which there was no constriction. 


Oscillatoria sp. (Fig. 4, C). Trichomes free-floating, solitary, straight ~ 
or curved, less than 100 uw long, not constricted at the septa and not 
tapering at the ends, end-cell rounded. Cells cylindrical, 0.3 « or less 
broad, 1 « long; cell-wall very distinct. Examination of fresh material 
may make an exact determination possible. 


Lyngbya limnetica Lemm. formae (Fig. 4, D). Filaments free-floating, 
solitary, straight or slightly curved. Trichomes 0.7—1.0 « broad, not 
constricted at the septa, not tapering at the ends, end-cell rounded, 
not capitate. Sheath firm, very thin, colourless. Cells cylindrical, 
2—3.5 uw long. 

In the Ceylon material there appear to be two forms, one (Fig. 4, 
D, a) with thin septa as in the type, and the other (Fig. 4, D, b) with 
thich, hyaline septa. The first form is very similar to Lemmermann’s 
L. limnetica, though the filaments are slightly narrower. The second 
form seems also to belong to this cosmopolitan species. 


Lyngbya sp.? A (Fig. 4, E). Filaments free-floating, solitary, straight 
or slightly curved, seldom more than 100 yu long. Trichomes, 0.4— 
0.6 « broad, not tapering at the ends, with a prominent granule on 
either side of the septa which are not constricted and difficult to 
detect, end-cell rounded. Sheath sometimes absent, firm, very thin, 
colourless. Cells cylindrical, 3—6 yu long. 
Lyngbya sp.? B (Fig. 4, F). Filaments free-floating, solitary, straight 
or curved, seldom more than 100 w long. Trichome interrupted at 
frequent intervals and consisting of short pieces, 2—10 y long. 
Neither sheath nor cross-walls visible. Diam. trich. 0.1—0.2 wu. 

Both this and the last may be filaments of Phormidium. 
Cylindrospermum sp. (Fig. 4, G). Trichomes straight, less than 60 uu 
long, solitary, free-floating. Heterocysts at one end only, elongate, 
conical, as broad as the vegetative cells. Cells cylindrical with rounded 
ends, 1—1.5 w broad, 4—10 wu long, containing granules and pseudo- 
vacuoles. 

In the absence of akinetes an exact determination is impossible. 
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Raphidiopsis curvata F, E. Fritsch forma (Fig. 4, H—J). The Ceylon 
form is narrower (diam. 2 /) and the cells are generally longer (4— 
10 ) in proportion to their diameter. Cell-contents usually homo- 
geneous, occasionally with pseudovacuoles. 


Raphidiopsis sp. (Fig. 4, L—N). Trichomes mostly straight, solitary, 
free-floating, seldom exceeding 120 w in length, with both ends 
terminating in a point or frequently with one end rounded, generally 


Bice 
A, Oscillatoria agardhii Gom. forma. B, O. limnetica Lemm. forma. C, 
Oscillatoria sp., two trichomes. D, Lyngbya limnetica Lemm.; a, forma a; 
6, forma b. E, Lyngbya sp. A, three trichomes. F, Lyngbya sp. B. G, Cylin- 


drospermum sp. H—¥, Raphidiopsis curvata F. E. Fritsch, forma. L—N, 
Raphidiopsis sp. 
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scarcely constricted at the septa although occasional trichomes show 
marked constriction. Cells in the widest part 3—3.2 uw broad, always 
longer than broad, with or without pseudovacuoles and granules. 
No mucilage-sheath could be detected even after staining. 

This species resembles R. mediterranea Skuja, but in the absence of 
akinetes an exact determination is impossible. 


Chlorophyceae 


Staurastrum brachioprominens Boerg. forma (Fig. 5, A, B). Cells 
small, excluding the processes about 1} times longer than broad, 
deeply constricted, sinus acute-angled widening outwards; semicells 
biradiate campanulate, becoming wider towards the apex, lower 
angles broadly rounded, lower and upper lateral margins with short, 
delicate spines, upper angles produced into long, slightly tapering, 
diverging processes, tipped with three spines (up to 2 « long) and 
bearing two irregular series of spines on their upper and lower mar- 
gins and similar spines irregularly scattered over the rest of their 
surface. Chloroplast axile with a central pyrenoid and lobes extending 
into each angle. Length, without processes 12—16 jw, with processes 
35—50 uw; breadth, without processes 10—12 «, with processes 50— 
60 uw; breadth of isthmus approximately 4 w. 

The Ceylon form differs from the type mainly in the much narro- 
wer isthmus. It resembles S. urinator G. M. Smith (1) in the campa- 
nulate semicells with the lower lateral margins semi-circular and 
generally bearing an erect spine in the median portion; (2) in the 
production of the angles into long, slightly attenuated divergent 
processes terminating in three short spines; (3) in the presence on the 
upper and lower margins of the processes of conspicuous teeth direc- 
ted away from the body of the semicell, the median area of the pro- 
cesses being smooth, but it differs, in its much smaller size and in the 
oroadly oval vertical view of the body. 


Staurastrum coarctatum Bréb. var. subcurtum Nordst. forma (Fig. 
5, E—M). Cells small, as long as broad or a little longer, rather 
leeply constricted, sinus wide open acute-angled or sometimes 
ectangular; semicells obversely elliptic. Vertical view triangular 
with broadly rounded angles and slightly concave or convex sides; 
wall smooth. Chloroplast axile with one pyrenoid in each semicell. 
Length 15—20 yw; breadth 12—20 yw; breadth of isthmus 7—8 yw. 
The Ceylon form differs in the form of the sinus. 


Staurastrum dejectum Bréb. var. patens Nordst. forma (Fig. ap GA DY) 
Cells small excluding the spines about as long as or slightly longer 
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than broad, deeply constricted, sinus acute and widening outwards; 
semicells obversely elliptical, dorsal margin slightly, ventral margin 
strongly convex, upper angles rounded and produced into a short 
spine which projects obliquely outwards; wall smooth. Vertical view 
triangular, lateral margins slightly concave, angles broadly rounded 
and produced into a short spine. Chloroplast axile with one pyrenoid 
in each semicell. Length without spines, 18—20 w; breadth without 
spines, 16—20 wv; breadth of isthmus 5—6 yw; length of spine 4—5 wu. 
The Ceylon form differs in size and shape. 


(Om 


Fig. 5. 


Fale, 18%, Staurastrum brachioprominens Boerg. forma; B, oblique vertical view. 
C, D, S. dejectum Bréb. var. patens Nordst. forma; C, front; D, vertical view. 
E—M, S. coarctatum Bréb., var. subcurtum Nordst. forma; E—G, three front- 
views; H, end-view; I, L, front-views of dividing cells; M, completed division. 


Bacillariophyceae 


Cyclotella ceylonica sp. nov. (Fig. 6, A—J). Frustula a latere visa 
oblene: Valvae circulares, diam. 5—25 yw, margine lata costis lanceo- 
satts validis radiatis, 7—11 in 10 uw ornata. Pars centralis valvae paullo 
depressa et undulata; ad sinum juba excentrica posita est. Costae 
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marginales instar striarum delicatarum per partem centralem valvae, 
quae punctis magnis paucis ornata est, producuntur. 

The distinctive feature of this species is the slightly depressed 
central area, into which the bluntly pointed tips of the marginal ribs 
dip (Fig. 6, D). Except in a few small cells (Fig. 6, J), the central area 
is undulate, partly convex and partly concave (Fig. 6, D, H). The 
two halves are separated by a ridge which is slightly excentric, with 
the two sides sloping unequally; that facing the convex half of the 
central area is short and slopes only little, while that facing the con- 
cave half is longer and slopes rather steeply. At the base of the ridge 
there are 1—6 coarse punctae; 1—3 larger punctae are present appro- 
ximately midway between the ridge and the rim, being found more 
often on the convex portion of the central area. Between the pointed 
ends of the ribs and the ridge are rows of very fine punctae. Occa- 
sionally two, more rarely three, of these centripetal rows of punctae 
unite before reaching the ridge. The cells contain about eight large 
parietal discoid chromatophores. 

In the arrangement of the marginal ribs C. ceylomca resembles 
C. Meneghiniana Kiitz. var. laevissima (van Goor) Hust., but it 
differs in the ribs being lanceolate rather than cuneiform, with 7—11 
ribs in 10 mw; in the presence of a central ridge; in the rows of fine 
punctae starting at the tips of the ribs and terminating at the ridge; 
and in the coarse punctae at the base of the latter and approximately 
midway between it and the rim. 

This is the first record of a species of Cyclotella in the lowland 

freshwaters of Ceylon. 
Melosira ambigua (Grun.) O. Mill. (Fig. 6 K, L). This was the 
dominant alga in the plankton of Lake Gregory during the period of 
investigation. The frustules varied from 3.7 to 12 » in width. The 
narrower and more elongate ones have the form of moderately curved 
filaments, and the length of the valve-jacket (FRITSCH, 1935, p. 566; 
,,Héhe” of HusTEDT) may be as much as 2.5 times the diameter; the 
number of punctae is 14—22 in 10 w. The wide filaments are more or 
less straight, the diameter varying from 9—12 and being equal to or 
greater than the length of the valve-jacket which varies from 5.5 to 9 wu; 
punctae 14—18 in 10 mw. The chromatophore is usually single and 
parietal, >xtending from end to end of the frustule (Fig. 6, K, L); less 
ofien there are a number of small, round discoid chromatophores. 

This species differs from M. Roeseana Rabh. and M. granulata 
(Ehr.) Ralfs in the form of the sulcus, and trom the latter also in the 
absence of spines. Lemmermann (1907) found considerable quanti- 
ties of M. granulata var. jonensis f. procera Grun. and M. granulata 
var. reticulata O. Miill. in Lake Gregory, but no filaments of M. 
granulata were met with in this lake during the present investigation. 
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Fig. 6. 


A—F, Cyclotella ceylonica sp. nov.; A, B, valve-views; C, E—7, girdle- 
views; D, oblique-view. K, L, Melosira ambigua (Grun.) O. Mill., cells with 
single parietal chromatophore. M, Navicula cincta (Ehr.) Kutz., f. major nf. 
N, N. radiosa Kutz. forma. O—R, Pinnularia tropica Hust. forma. 
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Melosira granulata (Ehr.) Ralfs. This was constantly present in 
Nuwara Wewa tank, but never became dominant. It was represented 
by two varieties, viz. var. angustissima Miill., with filaments composed 
of long, narrow frustules (2 « wide and about four times as long) in 
which the valve-jacket is several times longer than the diameter; 
and var. muzzanensis Meister, with frustules approximately 15 « wide 
and the length of the valve-jacket about half- to one-third the dia- 
meter. In my material both sulcus and pseudo-sulcus were as pro- 
minent as in the moderately narrow forms. There were about 10 
punctae in 10 w. 


Nawvicula cincta (Ehr.) Kiitz. forma major f. nov. (Fig. 6, M). Cells 
fusiform, with bluntly rounded ends, 40—50 uw long, 7—8 mw broad; 
axial area narrow central area rhomboidal; striae clearly visible, 
14 in 10 yw, radical, shorter near the central area, parallel and more 
closely arranged (16 in 10 ~) towards the poles. 

This form differs in being longer and broader. 


Navicula radiosa Kitz. forma (Fig. 6, N). Cells 50—90 « long, 7—12 
u broad; axial area narrow, central area small and rhomboidal; 
striae radial near the central area, 12—13 in 10 w, but convergent 
and closer (15—17 in 10 ) towards the poles. 

This form differs in being narrower with more closely arranged 
striae. 


Pinnularia tropica Hust. forma (Fig. 6, O—R). Frustules 190—225 yu 
long, 14—18.5 w broad; raphe straight and simple, the branches 
curving to the same side at the central and polar nodules; axial area 
about one-third the width of the valve, but narrowing down consi- 
derably towards the poles. Costae 9—10 in 10 yw, radial around the 
central nodule, parallel in the middle of the valve and convergent 
at the poles. 

This form is longer and narrower than the species described by 
HustepT from the Belgian Congo. It also differs in the more strictly 
linear valves and in the presence of much broader fenestrae near 
the poles (Fig. 6, O, R). 

The author wishes to thank Pror. W. H. PearsaLt for advice and 
encouragement during the progress of the work. He is specially 
indebted to Pror. F. E. FritscH for help in the determination of 
certain Chlorophyceae and Myxophyceae; to Mr. R. Ross for assi- 
stance in identifying certain diatoms; and to Mr. H. VERE CLAASZ 
for collecting samples of water from the Beira Lake. 
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The distribution and periodicity of 
the phytoplankton of three Ceylon lakes* 
by 


E. C. T. Hoistncer 
(with three figures in the text) 


INTRODUCTION 


In the paper (HOLSINGER 1954) containing taxonomic notes on 
the plankton algae of these lakes, brief reference was made to diffe- 
rences in specific composition. The present account deals with the 
quantity and the periodic changes in the volume of the phyto- 
plankton, as well as with the distribution of the major groups and of 
certain genera and species of algae. 

The general characters of the lakes and their habitat conditions will 
first be considered, as well as the problems arising from the differen- 
ces in specific composition and changes in the volume of phyto- 
plankton during the year. Subsequently these problems will be 
discussed in relation to the Low Country and the Mountain lakes. 


Collection of the Samples. Between March 1949 and March 1950 
eight samples were collected from Beira Lake, six from Nuwara 
Wewa Tank and six from Lake Gregory, while between March 1951 
and January 1952 Mr. H. VERE Craasz collected seventeen further 
samples from Beira Lake. The samples were taken approximately 
in the middle of the larger section of Beira Lake, in the deepest part 
of Nuwara Wewa Tank about 200 m from the shore, and at a point 
about 500 m from the exit of the river from Lake Gregory, where 
the water flows continuously. 

At each collection two samples of water were taken, one at the 
surface using a wide-mouthed jar, and the other at a depth of 
180 cms. Immediately after collection the sample was agitated by 
forcing air into it and 15 ml samples were transferred to specimen 
tubes containing 15 ml of 8°% formalin in distilled water, these smal- 
ler samples serving for quantitative work. 


') Part of thesis (Ceylonese Plankton Algae) approved for the Degree of Doctor 
of Philosophy in the University of London and lodged in the Library of that 


University. 
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Quantitative Estimation of Algal Growth. After sedimentation with a 
saturated solution of iodine in potassium iodide, the algae of Beira 
Lake and Lake Gregory were estimated with an inverted microscope 
according to the UTERMOHL—LUND technique (UTERMOHL 1931; 
Lunp 1949) but a different method was adopted in the case of 
Nuwara Wewa Tank, where approximately 50% of the phyto- 
plankton consisted of very fine filaments, most less than 1 broad, 
which could be counted more easily with a binocular microscope. 
The counting chamber consisted of a vulcanite ring, 20 mm internal 
diameter and 0.9 mm high, sealed to a glass slide by means of poly- 
styrene-dibutylphthalate cement (LUND, 1949). A drop of a satu- 
rated iodine solution was placed in the chamber and 0.5 ml of the 
sample was then transferred to it with a pipette. After being left 
to stand for three or more hours, a fine circular cover-glass (2.5 cms 
diam.) was slid across the ring in such a way that no air bubbles were 
included. The counting was done under low power, except when a 
higher power was necessary to identify the organisms. With both 
techniques the whole of the base of the counting chamber was exa- 
mined. Whenever necessary the sample was suitably diluted. 

In order to obtain quantitative estimates of the total algal produc- 
tivity in the three lakes and the quantities of individual species pre- 
sent various methods were followed. Since the phytoplankton con- 
sisted of unicellular organisms of diverse sizes and shapes, colonies 
var ying greatly in number of constituent cells, and filaments differing 
in diameter and shape, it was decided, for the sake of uniformity, to 
express the approximate quantity of each species present in 1 ml of 
lake water in terms of its volume in cubic microns. Unicellular forms 
were estimated by counting and multiplying the total by the average 
volume of a single individual. The length of each filament of Oscilla- 
toria and Lyngbya was measured in units of 100 « with the aid of a 
micrometer, and the total length multiplied by the mean cross- 
sectional area of the filaments. This was not easy to calculate accu- 
rately in Melosira ambigua and M. granulata owing to the great 
variability in diameter. In Arthrospira platensis, which varied little in 
diameter of trichome, length of cell and shape of spiral, the number of 
turns in each spiral was counted and the total multiplied by the avera- 
ge volume of a single turn. To estimate the volume occupied by the 
colonies of Microcystis spp., the areas of the individual colonies resting 
on the base of the counting chamber were determined and the sum 
multiplied by a conversion factor, usually calculated as an average 
by counting the number of cells in several squashed colonies of 
known area, but of varying size, to allow for the varying degree of 
crowding of the cells. 


The estimates of algal volumes in the different lakes at the times 
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of sampling, expressed in cubic microns per ml, are tabulated in 
the thesis (cited in the footnote on p. 1). 


The General Characters of the Lakes. These are summarised in the 


following Table: 


Elevation above 
sea-level 
Area 


Situation 


Soil 


State of water 


Temperature 
Mean annual 
Highest record 
Lowest record 


Rainfall 
For 1949 
Highest onone day 


Cloud, av. mean 
amount 


pH 
Oxygen saturation 


At surface 
At I80 cms 


Ammonia 
(mgs per litre) 
Free 
Albuminoid 


Conductivity 


Phytoplankton 
Proportionate 
Composition 


BEIRA LAKE 
(Colombo) 


1.8 m 
83 hectares 


Within a dense- 
ly populated city 


Sandy, lateritic, 
leached, acidic. 


Stagnant, two 
rainy seasons 


ae Cs 
33° C 
igh AS 


218 cms 
2i cms 


5.6 
8.1 


65—190% 
L205 


0.22—0.3 
0.78—0.88 


1300 units 


productivity 100 

Myxophyceae 
95% 

Diatoms &c. 5% 


NUWARA 
WEWA TANK 
(Anuradhapura) 

90 m 
932 h. 


In a vast uncul- 
tivated area co- 
vered with 
jungle 


Loam, alkaline, 
high exchange- 
able basecontent 


Stagnant, one 
rainy season 


Bap AE. 
36° 
Tages 


II6é cms 
9.4 cms 


5-5 
8.2 


80—I170% 
65—160", 


0.28—0.34 
0.36—O.53 
150 units 


40 
Myxophyceae 
87% 
Melosira 
granulata 12% 
Chlorococcales 
&c. 1% 


LAKE 
GREGORY 
(Nuwara Eliya) 
1900 m 
47 h. 


Near a_ small 

town and_=sur- 

rounded by hills, 
with tea- 
plantations 


Peat-like surfa- 
ce; Replaceable 
basecontent low 


Continuous 
flow 


187 
6.3 cms 


6.1 
7:3 


85—150% 
80—160% 


0.02—0.06 
0.14—0.56 
30 units 


70 
Melosira 
ambigua 65% 
Myxophyceae 

30% 
Desmids, Chry- 
sophyceae and 
Chlorococcales 


5%, 


27 


The two lowland waters are typically tropical and very different 
from Lake Gregory situated in the mountains. Fritsch (1907) says of 
the last “almost temperate, although on hot sunny days the water 
probably becomes rather warmer than it ever does in our parts’’. 
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Weekly totals of rainfall in centimetres, average weekly temperature in 
degrees Centigrade, volumes of phytoplankton in millions of cubic microns 
per millilitre for Beira Lake (Colombo), Nuwara Wewa tank (Anuradhapura) 
and Lake Gregory (Nuwara Eliya), Jan. 1949—March 1950. 
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It also differs from the Low Country lakes in the lesser exposure 
to intense sunlight, owing to the greater amount of cloud, as well as 
the lower ammonia-content and a pH very near to neutral. These 
differences are reflected in the composition of the plankton, both Bei- 
ta Lake and Nuwara Wewa Tank being dominated by Myxophy- 
ceae, while the plankton of Lake Gregory consists predominantly of 
Diatoms. 

As regards algal productivity (Fig. 1), if that of Beira Lake is 
taken as 100, that of Lake Gregory and Nuwara Wewa Tank would be 
represented by 70 and 40 respectively. The high productivity of the 
first can be correlated with the high conductivity of its water (1300 
units) equivalent to 104 parts per 100,000 total solids. The conduc- 
tivity of the water of Lake Gregory, which is nearly twice as pro- 
ductive as Nuwara Wewa Tank, is, however, only 30 units as against 
150 units for the latter. Although comparision of the two lakes is 
complicated by their situation in different climatic zones, the diffe- 
rence in productivity is probably due to the flow of water through 
Lake Gregory brought about by the river which enters at the north- 
west and passes out on the south-west side. This river traverses a 
densely populated part of Nuwara Eliya, as well as grassland on 
which cows graze, while its tributaries drain land on which tea is 
cultivated. 

The high conductivity in Beira Lake is due to considerable organic 
pollution, the lake being bounded on two sides by slums from which 
rainwater drains extend into the lake. The high degree of pollution 
has existed for many years and in 1924 Raz published analyses which 
agree closely with those I have obtained. Large and sudden increases 
in pollution occur periodically during heavy rains (cf. below). 

The low productivity of Nuwara Wewa Tank, is undoubtedly 
related to the low conductivity of the water due chiefly to the absence 
of any considerable organic pollution. 


Factors determining the character of the Algal Flora in the Low 
Country Lakes. The dominance of Myxophyceae in these lakes is in 
agreement with what is known as to their nutrition. PEARSALL (1922, 
1932), gave facts in support of the view that presence of nitrogenous 
organic matter is one of factors determining Myxophycean maxima 
in the English lakes. Recently GERLOFF, FITZGERALD, and SKOOG 
(1952), working with pure cultures in inorganic nutrient solutions, 
found that Microcystis aeruginosa has a very high nitrogen-require~ 
ment, attaining a maximum growth in culture solutions with N/P 
ratios as high as 75/1. NaNO,, NaNO, and NH, C1 were equally 
effective as sources of nitrogen. The cultures were maintained at a 
pH as high as 9 and 10, in order to geta maximum growth in a period 
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of ten days, but the authors express the opinion that in natural wa- 
ters, where the period is longer, heavy growths of M. aeruginosa may 
be produced at pH 8. They refer to unpublished work of AwcEs 
WiLLtaMs, who established that Microcystis cannot fix atmospheric 
nitrogen, and conclude that nitrogen is the element most likely to 
become a limiting factor for the growth of this alga in natural waters. 

Beira lake, which receives large quantities of organic nitrogen, is 
slightly alkaline, moderately warm and exposed to intense sunlight, 
thus seems to provide a habitat favourable for an abundant develop- 
ment of Microcystis. There is a general correlation between the perio- 
dic influx of organic material during seasons of heavy rainfall and 
increases in the volume of phytoplankton, although a closer examina- 
tion of the graphs in Fig. 2A & B shows that this correlation is not a 
simple one. Other factors are the intensity of the rainfall, the quan- 
tity of organic residues available and their richness in nitrogen. The 
effectiveness of rain as a flushing agent depends, not only on its total 
volume, but also on its intensity; thus a thunderstorm will flush 
more material into the lake than a number of showers precipitating 
an equal volume of water. It is not possible to assess the quantities of 
organic matter collecting between periods of heavy rainfall, but some 
idea may be formed of the variation in relative richness in nitrogen 
of the residues. When the intervening period is consistently dry the 
organic matter will dry up quickly with little loss of nitrogen, but 
when the residues are moistened by occasional showers, decompo- 
sition is hastened and there is considerable loss of nitrogen. Heavy 
rain, falling after a period of drought, therefore flushes into the lake 
residues richer in nitrogen than those introduced after a dry period 
interspersed with light showers. 

Fig. 2, B shows two maxima in total algal productivity, one in June 
and the other in October. Both are equally large, although the first is 
preceded by more rain than the second. Since the heavy rains in May 
followed a period with frequent showers, the organic residues flushed 
into the lake by them had probably suffered losses in nitrogen. It is 
also likely that the heavier showers swept some residues into the lake, 
and support for this is given by the increase in algal productivity 
following the rain in the latter part of March. One the other hand, the 
heavy rains in September and the first week of October were preceded 
by a period of almost completely dry weather, during which losses 
of nitrogen into the air would be minimal, and losses to the lake nil. 
This probably explains why, although the total rainfall during the 
second wet season was smaller, it was as effective in increasing the 
volume of the phytoplankton as that during the first wet season. The 
absence of a more marked correlation between rainfall and producti- 
vity in November in Fig. 2B, can be ascribed to the preceding period 
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BEIRA LAKE 


Volume occupied b 

U y plankton 
expressed in millions of cubic 
microns per millilitre 9——o9 


oS millions & 


Weekly totals of rainfall in 
Centimetres e.......0.., ° 


Bit 2. 


Volumes of phytoplankton in millions of cubic microns per millilitre and 
weekly totals of rainfall in centimetres for Beira Lake; A, Jan. 1949—March 
1950; B, Jan. 1951—Jan. 1952. 


Neing insufficient for the accumulation of organic residues. The 
orrelation is actually between algal productivity and the nitrogen 
ontent of the water. 

The annual rainfall (Fig. 1) in the Anuradhapura district sur- 
‘ounding Nuwara Wewa Tank is only a little more than half that at 
-olombo; moreover, the really heavy rainfall is limited to one season 
October—November) and thunderstorms, precipitating large quan- 
ities of rain, are less frequent. These differences, together with the 
bsence of organic accumulations near Nuwara Wewa tank, result 
n a much lower nitrogen-content than in Beira Lake at all times of the 
ear. The graph does however show an increase in phytoplankton 
ollowing the season of heaviest rainfall, thus supporting the view of a 
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general correlation between rainfall and algal productivity in these 
waters. 


The factors operating in the Mountain Lake. As mentioned earlier the 
plankton of Lake Gregory differs from that of the Low Country lakes 
in the dominance of Diatoms, and from that of Nuwara Wewa Tank 
in its greater productivity. A comparison of the last and Beira Lake 
shows a positive correlation between productivity and conductivity, 
which does not obtain in the case of Lake Gregory where the in- 
flowing river (cf. p. 5) will enrich it with organic matter derived 
from town and grassland and with nutritive salts leached by its 
tributaries from the cultivated hills around. Such accretions are com- 
paratively small, but the constant supply introduced by the river is 
probably responsible for the higher algal productivity of Lake Gre- 
gory, as compared with that of Nuwara Wewa Tank. 

It appears probable that the river also influences the specific 
composition of the phytoplankton of Lake Gregory. Since the soil 
drained by the river is derived from siliceous rocks, it may be sup- 
posed that the river maintains a supply of silicate adequate to the 
needs of its diatom-population .PEARSALL (1923, 1930, 1932) has 
stressed the importance of silica in the growth of Diatoms and provi- 
des evidence for the view that Diatom periodicity is largely conditio- 
ned by floods. The effect of floods on the growth of Melosira ambigua 
is clearly shown in Fig. 3. A sharp increase in the amount of this 
Diatom occurred between August and October 1949, following the 
season of heaviest rainfall between the middle of June and the end 
of July. Subsequently, the productivity gradually fell reaching its 
lowest level four weeks after the rains had virtually ceased. 

Although Desmids form only a very small part of the plankton of 
Lake Gregory, their productivity is of interest. Staurastrum brachio- 
prominens (Fig. 3), which was relatively abundant in May 1949, 
steadily diminished month by month and by December was an in- 
significant constituent of the plankton, but at this time S. coarctatum 
var. subcurtum and S. dejectum var. patens were rapidly increasing 
and attained a maximum growth by February 1950. The periods 
of greatest relative abundance of these Desmids occur in seasons of 
very little rain or no rain. In the case of S. brachioprominens there 
had been only 0.3 cms during the three weeks preceding sampling, 
while in that of S. coarctatum and S. dejectum there had been 0.77 
cms during the preceding three weeks, all of which fell during the 
three days immediately preceding sampling. It is further of interest 
that in both instances the increase in Desmid productivity is corre- 


lated with a marked decrease both of Melosira ambigua and of species 
of Myxophyceae. 
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LAKE GREGORY 


Volume occupied by total plankton expressed in millions 
of cubic microns per millilitre Q——o 


Weekly totals of rainfall measured in centimetres e..-+-++0 


millions 


Total plankton .O——o 
Melosira ambigua Koamaae K 
Staurastrum brachioprominens g_WW__» 
1Q_. S.coarctatum & S.dejectum o——____» 
Microcystis ( 3 species) Qt nen & 
Single cells (Myxophyceae) ene B 


Fig. 3. 


Lake Gregory, May 1949—March 1950. A, volumes of phytoplankton in 
millions of cubic microns per millilitre and weekly totals of rainfall in centi- 
metres; B, volumes of total phytoplankton and volumes of the commoner 
species expressed in millions of cubic microns. 

Single cells (Myxophyceae)”, in the legend, refers to an assemblage of 
species of Myxophyceae which occurred as unicells and very small colonies 
the constituent cells of which were counted separately. These cells which had 
numerous pseudovacuoles and were 3—5 / in diam. were present in all three 


lakes. 


The periodicity of the species of Staurastrum in Lake Gregory can 
be explained on the basis of certain conclusions arrived at by PEAR- 
SALL (1932) and others. For the English lakes PEARSALL concluded 
that “‘in general, a low N/P ratio and a low calcium content are likely 
-o favour desmids’’. It is reasonable to assume a deficiency of calcium 
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in a lake, with a pH very near the neutral and situated in a region in 
which the underlying rock is a gneiss and the soil is strongly leached 
of nutritive ions. It appears very probable that during dry periods 
the content both of nitrogen and of calcium diminishes in Lake 
Gregory. At such times introduction of fresh supplies of these ele- 
ments would be greatly reduced, and conditions would not be fa- 
vourable for the growth of species requiring more abundant supplies 
of them. It appears probable that Desmids increase in numbers when 
conditions are such that other algae cannot swamp them. 


SUMMARY 


The phytoplankton of three Ceylon lakes, two situated in the warm 
lowlands and one in the cool mountains has been investigated. Certain 
similarities and differences in regard to growth, distribution and 
periodicity of the plankton algae are discussed and related to environ- 
mental conditions. 

The lowland lakes are dominated by Myxophyceae which form 
95°% and 87% of the phytoplankton respectively, while in the moun- 
tain lake, which is temperate rather than tropical, Diatoms form 65% 
of the phytoplankton. Of the lowland lakes that in the centre of the 
densely populated city of Colombo has an algal productivity which is 
two and a half times as great as that situated in a vast area of unculti- 
vated land. The mountain lake, surrounded by cultivated hills, 
occupies an intermediate position between the low country lakes in 
regard to productivity. 

The environmental factors mainly affecting algal growth, distri- 
bution and periodicity in these lakes are temperature, rainfall, sun- 
shine, movement of the water, amount of influx of organic matter and 
nature of the surrounding soil. In assessing the effect of rainfall 
consideration has been given not only to the total precipitation, but 
also to its intensity and the occurrence of periods of drought between 
those of heavy rainfall. 


The writer is indebted to Prof. W. H. Pearsall, under whose direc- 
tion this investigation was undertaken, for advice and encouragement, 
to Prof. F. E. Fritsch for guidance at various stages of the work 


and to the Director of the Ceylon Department of Meteorology for 
rainfall and temperature data. 
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Aus dem wissenschaftl. Labor der Membranfiltergesellschaft 
Gottingen und der Limnologischen Flufistation Freudenthal 


Hydrobakteriologische Untersuchungen 
der Fulda unter Anwendung der 
Membranfiltermethode 


von 
ADELAIDE BELING und HOLGER W. JANNASCH 


Herrn Prof. Dr. A. Thienemann zum 70. Geburtstag gewidmet. 


Unter den Lebewesen, die den Stoffhaushalt eines Gewdassers be- 
stimmen, spielen die kleinsten Organismen, die Bakterien, eine 
wesentliche Rolle. Durch die mannigfachen Moglichkeiten dieser 
Organismen, chemische Prozesse energetisch auszunutzen, wird die 
Mineralisation der organischen Reststoffe zu dem Fundament, auf 
dem das Leben der héheren Tiere und Pflanzen basiert. Obwohl die 
Bedeutung dieser Tatsache in der Hydrobiologie bekannt ist, hat 
man sich bisher mit der eigentlichen Erforschung dieser kompli- 
zierten Verhaltnisse noch kaum befassen kénnen. Die Griinde dafiir 
liegen besonders in einer unzureichenden Untersuchungsmethodik. 

Es mu} zunachst eine Moglichkeit bestehen, die Dichte und die 
Formen der Bakterien im Wasser zu bestimmen, ahnlich wie es bei 
der Untersuchung des Zoo- und Phytoplanktons schon seit langem 
grundlegend durchgefiihrt wird. Aber selbst die feinsten Plankton- 
netze vermogen nicht, Bakterien aufzufangen, und keine Methode der 
Konzentrierung durch Sedimentation, Zentrifugation, Filtration etc. 
liefert bisher befriedigende Ergebnisse quantitativer Untersuchungen. 

Um die Dichte der Bakterien in Gewdssern zu bestimmen, bedient 
man sich allgemein der Plattenmethode nach Kocu, die fiir hygieni- 
sche Untersuchungen geniigen mag, jedoch fiir hydrobakteriologische 
Arbeiten unzureichend ist, da sie nur relative Ergebnisse bringea 
kann. Wasserbakterien werden auf Fleischteptonagar bzw. Gelatine 
gezuchtet und die gewachsenen Kolonien ausgezahlt. Die Zahl der 
Kolonien gibt ein Bild der Verunreinigung des Wassers. 

KoLkwirz (1) stellte z.B. auf diese Weise fest, da die ungefahre 
Zahl von 1.000.000 Keimen pro ccm ein polysaprobes, < 100.000 
ein mesosaprobes und < 500 ein oligosaprobes Gewd4sser charakte- 
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risiert. Bei Anwendung der Plattenmethode darf jedoch nicht ver- 
gessen werden, dafi auf Fleischpeptonagar oder Gelatine nur be- 
stimmte meist wasserfremde Bakterienarten sich zu entwickeln ver- 
mogen, wahrend die tibrigen wassereigenen auf diesen Nahrbéden 
nicht wachsen, verkiimmern und demnach nicht als Kolonien er- 
scheinen kénnen. Aus dieser Erkenntnis heraus ist die Plattenmethode 
bereits Ofters diskutiert worden, und man suchte neue Wege zur 
Erfassung samtlicher Bakterien. 

Im Jahre 1928 schlug CHOLOopDNy (2) eine neue Methode zur quan- 
titativen Bestimmung des Bakterienplanktons vor. Er legte seiner 
Neuerung eine Methode zu Grunde, die KoLtkwiTz (3) bereits 1924 
fiir die quantitative Bestimmung des Zooplanktons anwandte. 

Er konzentrierte die Organismen durch Filtration auf der Ober- 
flache eines Membranfilters mit der Porenweite von 2—3 uw. In 
den letzten Jahren wandte u.a. W. ScuMiTz (4) Cellafilter, grob, fiir 
Phytoplankton-Untersuchungen mit gutem Erfolg an. 

CHOLODNY benutzte Membranfilter feinerer Porengréfe (1—1,5 
jw). Er war der Meinung, dafi diese Porenweite fiir die meisten Bak- 
terien ausreichen wiirde. Er filtrierte 100 ccm Flufwasser, das nach 
der Entnahme sofort mit 3—5°%, igem Formalin fixiert wurde, im 
Kolkwitzapparat durch den Membranfilter bis auf einen Rest von 
4—5 ccm ab, der dann in ein steriles Réhrchen gegossen wurde. 
Alle Bakterien, die in den 100 ccm Flu®wasser enthalten waren, wur- 
den so in diesem Rest konzentriert. Hiervon wurden wiederum 0,05 
ccm entnommen, auf einen Objekttrager gebracht, eine halbe Stunde 
lang mit 3%igem Erythrosin gefarbt, mikroskopiert und ausgezahlt. 
Fiir die Zahlung benutzte CHOLODNY ein Okularnetzmikrometer, bei 
dem das kleinste nicht mehr unterteilte Quadrat die Grofe von 400 
wu hatte. GréBenteils wurden 100 Quadrate ausgezahlt. Nach der 
Multiplikation erhielt CHoLopNy die Zahl der Bakterien in 1 ccm 
Wasser. Die Werte iiberstiegen die der Plattenmethode um das 50 bis 
100-fache. 

Dieses Ergebnis bestatigt die Annahme, da ein groBer Teil der 
Bakterien bei der Plattenmethode nicht erfaf8t wird. Somit ware 
die KotKwitz’sche Angabe iiber die Zahl der Keime, die charakteri- 
stisch fiir poly-meso- und oligosaprobe GewéAsser sein soll, zu korri- 
gieren. Die Direktmethode bringt wesentlich gréfere Keimzahlen. 

BarRSoF (5) (spater Rasumov (6), DIANOVA-WOROSCHILOWA (7) 
u.a.) vereinfachte 1933 diese Filtrationsmethode wesentlich. Er fi arbte 
nunmehr die Bakterien direkt auf dem Filter auf folgende Weise: 

Das Filter wurde nach der Filtration mit 3°%igem Formalin 
fixiert und auf 2—3 Papierfilterscheiben, die mit 3 iger Erythro- 
sinlésung getrankt waren. gelegt. Innerhalb van 4—6 Stunden war die 
Farbung beendet. Danach wurde das gefarbte Filter wieder in den 


oil, 


Apparat eingespannt und mit vorfiltriertem, dest. Wasser entfarbt. 
AnschlieSend wurde es im Trockenschrank getrocknet, mit Cedernd6l 
durchsichtig gemacht, und die Bakterien mikroskopisch gezahlt. 
(Neue Lit. s. bei JANNASCH, 13.) Nach der Multiplikation erhielt 
BarsoF annahernd die Keimzahlen, die seinerzeit CHOLODNY ge- 
funden hatte. 

Gleichzeitig versuchte BARsoF die Ziichtung der Bakterien direkt 
auf dem Filter. Er legte nach der Filtration die Filter mit dem Riick- 
stand auf verschiedene Nahrbéden, wo sich durch Diffusion der 
Nahrstoffe durch den Filter die Bakterien zu sichtbaren Kolonien 
entwickel kénnen. Mit dieser Methode ist es méglich, gréfere 
Wassermengen zu untersuchen und gleichzeitig unter Zuhilfenahme 
spezifischer Nahrbéden verschiedene physiologische Bakteriengrup- 
pen zu differenzieren. 

Bisher richtete sich das Hauptaugenmerk der bakteriologischen 
Wasseruntersuchung auf die Bestimmung der Keimzahl, den Coli- 
nachweis und in einigen Fallen auf pathogene Keime. 

Die kulturelle sowie die direkte Membranfilter-Methode ermég- 
licht eine Beobachtung physiologisch sowie morphologisch ver- 
schiedener Bakteriengruppen bei einer wesentlichen Zeit- und 
Materialersparnis. 

1948 wurde diese Methode von uns wahrend einer limnologischen 
Fuldauntersuchung mit gutem Erfolg angewandt. Die Filtration 
der Wasserproben erfolgte an Ort und Stelle. Ein Teil der Filter 
wurde sofort auf verschiedene Nahrbéden gelegt. Die restlichen Fil- 
ter fixierten wir mit 3%igem Formalin und legten sie zur spateren 
direkten mikroskopischen Untersuchung in sterile Titten. Die Er- 
gebnisse dieser Fuldauntersuchung fanden im Jahresbericht der 
Limnologischen Station Freudenthal 1951 Erwahnung (8). 

Nachstehend sind fiir verschiedene Flufabschnitte der Fulda die 
Durchschnittswerte der Keimzahl unter Anwendung der Platten- 
und der direkten Membranfilter-Methode angegeben. 


Tabelle 1 


Keimzahl in 1,0 ccm 
; Plattenmeth. Direkte Membranfilter-Methode 


Oberlauf 535 30404 
Obermittellauf 8533 227509 
Untermittellauf 3128 173840 
Unterlauf 325 18450 


Erwahnt sei hier noch, da® bei der direkten Zahlung auf dem 
Filter insofern Schwierigkeiten auftreten kénnen, als sich die Bak- 
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Chemische Untersuchung | Bakteriologische Untersuchung 


) Direktmethode 


yah eseoes 05 05" ; Coli- Pathog. Keime 
pH mg/1 (750mm)NH4/N NOo/N NOo/N Hos | KeimZ@hl  oion, typhus Paratyph, |Stibehen Kokken Vibr. Spir. 


SromelOns) 1000) 6 (0); AR als). ine hls 


ees = ae ++ 

6.8 9,85 95,2 0 on, 0,9" mam | + “ae - + 
Opomeee 20 69050 0,08 mn. i, Wei | Seapets ie ef Sat: 
Peer tl 8591 0,05 0,02 1,9 an, af +4 ++ +4 
Spores!) 62,5 °0,58 ean, 0,8 06,17 | +ttt ++ ++ +4 
= ees ol, oo M15 1,3 0,90 cine + ++ +4 
ipoeecet4eeses0y 1,88 0,03 2,3 0.24 | 50000 4000 n.n. nen ++++ - ++ +4 
7,5 3,14 30,0 2,00 0,01 2,1 0,30 | 180 000 7 000 + +  tt4++ ~ ++ +4 
7,3 3,40 35,5 1,89 0,01 2,5 0,10 | 33000 8500 + ites | 444+ 4 44 0 


n.n = nicht nachgewiesen; o = ausgefallen; * = Sattigung in % 


‘erien oft auf die Tiefe des Riickstandes verteilen. Eine Zahlung in 
verschiedenen optischen Ebenen ist daher in diesen Fallen notwendig. 

Bei der Zahlung der Keime konnten wir beobachten, da® die ein- 
zelnen Wasserproben eine sehr unterschiedliche Zusammensetzung 
Jer morphologischen Formen aufwiesen. In einigen Proben domi- 
nierten grofie, dicke Stabchen, Streptobazillen, Vibrionen, Spirillen 
und Fadenbakterien (Abb. 1). In anderen wiederum herrschten 
Kokken und sehr kleine Stabchen vor stets mit einer viel geringeren 
Keimzahl verbunden (Abb. 2). Die gleiche Feststellung machte sei- 
nerzeit RADZIMOWSKI (9) bei verschiedenen Gewdsseruntersuchungen 
mit Hilfe der Membranfilter-Methode nach CHOLopNY. 

Um dieser Erscheinung noch einmal nachzugehen, untersuchten 
wir im Herbst 1951 einen Flu8abschnitt der Fulda. Wir wahlten den 
Teil unterhalb der Stadt Fulda, bei dem die Abwasserzuleitung in 
keinem ertraglichen Verhaltnis zu der Gesamtwasserfiihrung steht. 
Die starken Kontraste in der Abwasserfiihrung des Flusses erwiesen 
sich flr den Zweck unseres Vorhabens als besonders geeignet. 


Bei dieser dreitagigen Untersuchungsfahrt wurden insgesamt 17 
Wasserproben mit Hilfe der Plattenmethode und der kulturellen 
sowie direkten Membranfilter-Methode bearbeitet. Gleichzeitig er- 
folgte die Entnahme von Wasserproben fiir chemische Analysen, die 
von W. Schmitz, Fluf station Freudenthal, durchgefiihrt wurden. 
Die bakteriologischen Untersuchungen wurden an Ort und Stelle 
gemacht. Fiir diesen Zweck benutzten wir einen Expeditionskasten 
(Membranfiltergesellschaft Gottingen), der samtliche Gerate und 
Hilfsmittel enthielt. Die ftir die Untersuchungen notwendigen 
Nahrbéden hatten wir vorher in unserem Laboratorium zubereitet. 

Die entnommene Wasserprobe filtrierten wir im Coli-Apparat 
durch einen Membranfilter Co;. Vor der Filtration jeder weiteren 
Probe wurde der Filtrierapparat durch Abbrennen sterilisiert. Wegen 
fehlender Mittel mu®ten sich unsere Untersuchungen auf die Keim- 
zahlbestimmung, den Nachweis von Bact. coli und pathogenen 
Keimen beschranken. 


Von jeder Wasserprobe wurden verschiedene Mengen filtriert und 
zwar: 
1. fiir die Keimzahlbestimmung m. Plattenmethode — 0,001 ccm 


0; ecm, 
2. fiir die Keimzahlbestimmung m. Direktmethode — 0,1 ccm u. 


1,0 ccm. 
3. fiir den Colinachweis auf Endoagar — 0,1 ccm, 1,0 ccm, 5 ccm. 
A. fiir den Nachweis path. Bakterien (Wismutsulfitagar) — 1,0 ccm 


wil. 5) (lexan, 
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Nach der Filtration legten wir einen Teil der Filter auf die ent- 
sprechenden Nahrbéden (Fleischagar, Endoagar und -Wismutsul- 
fitagar), wahrend der andere Teil der Filter an der Spiritusflamme 
getrocknet und zur Verwendung fur die Direktmethode in sterile 
Tiiten eingelegt wurde. Da uns kein Formalin zur Verfiigung stand, 
entfiel die Fixierung der Filter. Dieser Umstand sollte uns spater 
auf eine interessante Erscheinung aufmerksam machen. 

Nach unserer Riickkehr ins Labor (Hygienisches Institut Fulda) 
wurden die Petrischalen mit den aufgelegten Filtern in den Brut- 
schrank gestellt. Nach 24—48 Stunden konnten die gewachsenen 
Kolonien gezahlt und auf Schrégagar zur weiteren Prufung der 
Stimme iiberimpft werden. Auf diese Weise konnten wir bei den 
Fuldauntersuchungen an mehreren Stellen Typhus und Parathy- 
phus nachweisen. (Die biochemischen und serologischen Arbeiten 
wurden im Medizinaluntersuchungsamt Gottingen durchgefuhrt). 

Bei dieser Gelegenheit méchten wir Herrn Dr. Kripe, Hygieni- 
sches Institut Fulda, und Fraulein Schulz, Medizinal untersuchungs- 
amt Gottingen, unseren verbindlichsten Dank sagen. 

Zur mikroskopischen Untersuchung der Filter, die wir in sterile 
Tiiten eingelegt hatten, kamen wir erst nach einem halben Jahr. 
Wir farbten zundchst die Filter — wie bereits beschrieben — fertig- 
ten Praparate an und mikroskopierten. Dabei machten wir die Fest- 
stellung, daf} die Bakterien nicht gefarbt waren, und entsannen uns, 
sie seinerzeit nicht fixiert zu haben. Die restlichen Filter wurden 
daraufhin 30 Minuten lang bei 60° im Trockenschrank fixiert und 
anschlieSend — nun mit gutem Erfolg — gefarbt. Allerdings machten 
wir dann die tberraschende Feststellung, dafi anstatt regelmafig 
verteilter Bakterien bereits gut entwickelte Kolonien zu sehen waren. 
Die Bakterien hatten sich demnach ohne Nahrboden vermehrt 
(Abb. 3—8). Offenbar geniigten die auf dem Filter zuriickgebliebe- 
nen Nahrstoffe fiir das Wachstum der Bakterien. Diese Erscheinung 
nahm uns nattirlich die Mdéglichkeit der direkten Keimzahlbe- 
stimmung. Die Daten fiir die Direktmethode in Tabelle 2 konnten 
daher nicht angegeben werden. Stattdessen vermochten wir die ver- 
schiedenen Bakterienformen gut zu beobachten. 

Nachstehend sei hier eine kurze stichwortartige Beschreibung der 
Stellen wiedergegeben, an denen die Wasserproben entnommen 
wurden. Zugleich werden die bakteriologischen Ergebnisse genannt 
und neben der Charakterisierung des Bakterienplanktons gegebenen- 
falls der Verschmutzungszustand des FluSabschnittes erwahnt. 

Die Kartenskizze soll einen Uberblick itber die Lage der Ent- 
nahmestellen zu den NebenfluBmiindungen und den Abwasser- 
zufliissen geben. 
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Prove t.o2.10. 515011 Uhr 10 


sliede bei Ziegel, 100 m vor der Miindung in die Fulda. 
3reite: 20 m; Tiefe: 2 m; Strémungsgeschw.: 40 cm/sek. 
Wassertemp.: 12,8°; pH. 6,8. 

Jfer: Rechts steil, alterer Baumbestand mit Unterholz; links Wiese 
nit dichtem Uferbestand von Typha, Phragmites, Sparganium und 
Sslyceria. 

Jntergrund: Sandig mit Ranunc. fluitans und Elodea can. liberzogen. 
-robenentnahme: Flufmitte, 1 m tief. 


irgebnisse: Keimzahl in 1,0 ccm — 3.300 
Bakt. coli in 1,0 ccm — 60 
pathog. Keime in 1,0 ccm — 2 


Uberwiegend stabchenférmige Bakterien, die an einigen Stellen 
les Filters zu Kolonien herangewachsen sind. Eine grofe Anzahl 
Jibrionen, Spirillen und Fadenbakterien, dagegen wenig Kokken. 
sr6e der Stabchen: ca. 2 w bis 4,5 uw; 9 1 uw; Gro®e der Kokken: 
2 bis 1,5 z. 

Trotz des hohen Sauerstoffgehaltes zeigt die Fliede eine relativ 
tarke Verschmutzung. (Nitratgehalt 1,6 mg/1) 


Prope Ti 21051,.13, Une 50 


Nordarm der Fulda, Eisenbahnbriicke. 

sreite: 2 m; Tiefe: 0,5 m; Stroémungsgeschw. 50 cm/sek. 
Wassertemp.: 14,1°; pH. 6,8. 

Jfer: Uberschwemmtes Wiesenland. Weidengestrauch. 
Jntergrund: Sandsteingerdoll, teilweise mit Kieselalgen tberzogen. 
robeentnahme: Rechtes Ufer, 20 cm tief. 


irgebnisse: Keimzahl in 1,0 ccm — 900 
Bakt. coli in 1,0 ccm — 40 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Kleinere Stabchen von dinner und langer Form; in fast gleicher 
Aenge Kokken. Einzelne Vibrionen, Spirillen und Fadenbakterien. 
r6Be der Stabchen: 1,5—2,0 mw. Grofe der Kokken 1—1,5 uw. 


Proper. 1021.05) Ubr 


00 m unterhalb der Fliedemiindung (Ausflu8 der Badeanstalt 
berhalb). 

reite: 8 m; Tiefe: 1 m; Stromungsgeschw. 20 cm/sek. 
Passertemp:: 14,7°; pH: 6,8. 

Ifer: Steil, unterspiilt Erlenbestand in der Krautschicht Utricularia. 
Intergrund: Lehmschlamm. 

robeentnahme: Linkes Ufer unter der Briicke 30 cm tief. 
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Ergebnisse: Keimzahl in 1,0 ccm — 7000 
Bakt. coli in 1,0 ccm — 70 
pathog. Keime in 5,0 ccm — 3 Kolonien. 
Es dominieren stabchenférmige kurze-dicke oder lange-diinne | 
Formen mit und ohne Sporen. Vibrionen, Spirillen und Kokken 
reichlich vorhanden, dagegen keine Fadenbakterien. Auch hier 
hatten sich einzelne Kolonien auf dem Filter entwickelt. GroSe der 
Stabchen wie in Probe I. 
Es ist anzunehmen daf} die hohe Keimzahl sowie der Nachweis 
von pathogenen Bakterien auf den Einfluf des Fliedewassers und 
der Badeanstalt zuriickzufiihren ist. 


Probe IV, 2.10.51, 16 Uhr 25 


Steinbriicke bei Bronnzell 
Breite: 8 m; Tiefe: 50 cm; Stro6mungsgeschw. 10 cm/sek. 
Wassertemp.: 14,7°; pH 6,8 
Ufer: Beiderseitig steiler Wiesenabbruch. 
Untergrund: Steinig, Elodeahorste. 
Probenentnahme: Rechtes Ufer, 25 cm tief. 
Ergebnisse: Keimzahl in 1,0 ccm — 2600 
Bakt. coli in 1,0 ccm — 80 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 
Das Bakterienplankton zeigt etwa das gleiche Bild wie in Probe III. 
Dazu kommen eine geringe Anzahl Fadenbakterien und Diatomeen. 


Probe V, 2.10.51, 17 Uhr 5 
Alsfelder Briicke. 
Breite: 40 m; Tiefe 1—2 m; Stauwasser. 
Wassertemp. 14,7°; pH 7,5. 
Ufer: Wiesen und Weideland, Sparganium und Urtica. 
Untergrund: Verschlammt, Uberziige von Blaualgen. 
Probeentnahme: Rechtes Ufer, 50 cm tief. 


Ergebnisse: Keimzahl in 1,0 ccm — 22.000 
Bakt. coli in 1,0 ccm — (ausgefallen) 
pathog. Keime in 1,0 com — 3 Kolonien 


Grofie Mengen verschiedener Stabchen. Reiche Koloniebildung 
auf dem Filter. Die Anzahl der Kokken hat abgenommen. Vibrionen, 
Spirillen und Fadenbakterien sind reichlich vorhanden. 

Der Fluf befindet sich hier bereits im Stadtgebiet von Fulda und 
zeigt eine deutliche Verunreinigung. 


Probes Vl.6210.51 alia Uhes30 


Unterhalb der Eisenbahnbriicke (Industrieabwasser). 
Breite: 6 m; Tiefe: 20 m; Strémungsgeschw. 50 cm/sek. 
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lassertemp.: 14,8°; pH (fehlt). 

fer: Wiese, Schutthalden mit Urtica-Bewuchs. 
ntergrund: Steinig mit Griin- und Blaualgenitiberzug. 
robeentnahme: Linkes Ufer, 15 cm tief. 


rgebnisse: Keimzahl in 1,0 ccm — (tiberwachsen) 
Bakt. coli in 1,0 ccm — 80.000 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Fast nur stabchenférmige Bakterien mit und ohne Sporen. Im 
srigen Fadenbakterien, wenig Vibrionen und Spirillen, keine 
okken. Die Fadenbakterien sind auf dem Filter von kleinen Kokken 
heinbar angegriffen worden (Abb. 3). 
Hier sind der Fulda Industrieabwasser zugeleitet worden. Das 
fasser tragt stellenweise eine Olschicht. 


vere IT S>.10515 10" Uhre2> 


) m oberhalb der stadtischen Abwasser-Einleitung. 

reite: 6 m; Tiefe: 70 cm; Strémungsgeschw.: kaum mefbar. 
Bsserrcarp-: 12,5°> pli: 7,3. 

fer: Steiler Wiesenabbruch, Weidengestrauch, grofe Urtica- 
orste. 

ntergrund: Verschlammt, mit Griin- und Blaualgen tiberzogen. 
-obeentnahme: Linkes Ufer, 30 cm tief. 


rgebnisse: Keimzahl in 1,0 ccm — 60.000 
Bakt. coli in 1,0 ccm — 4.000 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Uberwiegend Fadenbakterien (Abb. 4), grofe Stabchen mit je 2 
yoren (Abb. 5) einzeln und in Gruppen. Diinne lange Stabchen, 
brionen und Spirillen. 

Das Wasser ist triibe und mit einem Olfilm bedeckt. 


Probe VIII, 3.10.51, 10 Uhr 45 


ywassereinleitung bei Horas. 

eite: 7 m; Tiefe: 40 cm; Strémungsgeschw. 20 cm/sek. 
Bessette cgl5.0 « play /5)- 

fer: Steiler Wiesenabbruch, Urticabewuchs. 

ntergrund: Schwarzer Sulfidschlamm, stetes Aufsteigen von Gar- 
asen. 

obeentnahme: Wenige Meter hinter dem Abwassereinlauf, 20 cm 
a. 


gebnisse: Keimzahl in 1,0 ccm — 160.000 
Bakt. col. in 1,0 ccm — 7.000 | 
pathog. Keime in 1,0 ccm — 6 Kolonien. 
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Hauptsichlich stabchenformige Bakterien mit reicher Kolonie- 
bildung (Abb. 6). Zum ersten Mal tritt Bact. mycoides auf. In der 
Minderzahl Vibrionen, Spirillen und Fadenbakterien, einige grofe 
Kokken und Sarcinen. 

Das Abwasser strémt scheinbar aus zwei Rohren in der Breite des 
Flusses aus, hat starken Fakaliengeruch und ist entsprechend gefarbt. 


Probes IX S105)" LieUhr0 


40 m unterhalb der vorigen Station. 
Breite: 8 m; Tiefe: 30 cm; Strémungsgeschw. 80 cm/sek. 
Wassertemp,. 15,0. 4 Dil: fs. 
Ufer: Flach, dicht mit Urtica bewachsen. 
Untergrund: Mit Sphaerotilus-Schleim tiberzogene Steine. 
Probeentnahme: Linkes Ufer 20 cm tief. 
Ergebnisse: Keimzahl in 1,0 ccm — 33.000 
Bakt. coli in 1,0 ccm — 8.500 
pathog. Keime in 1,0 ccm — 4 Kolonien. 
Die Zusammensetzung des Bakterienplanktons wie in Probe VIII. 
Bac. mycoides bildet ebenfalls kleine Kolonien. 
Im freien Wasser treiben Schmutzpartikel und Sphaerotilus-— 
flocken. Der Nitratgehalt ist wie in der vorhergehenden Probe un-_ 
gewohnlich hoch. 


—— 


Probe X, 3.10.51. 12 Uhr 40 
j 


Meandergebiet vor Glaserzell, etwa 4 FluSkilometer unterhalb der 
Abwassereinleitung. 

Breite: 10 m; Tiefe: 2 m; Strémungsgeschw. 10 cm/sek. 
Wassertemp.: 14°; pH: 7,4. 
Ufer: Links steiler 2—3 m hoher Wiesenabbruch rechts dichter 
Phragmites-Ufergiirtel. 

Untergrund: Schwarz-grauer Schlamm, dichter Behang von Sphaero- 
tilusflocken typisches ,,Pilztreiben’’. 

Probeentnahme: Rechtes Ufer, 1 m tief. 


Ergebnisse: Keimzahl in 1,0 ccm — 84.000 
Bakt. coli in 1,0 ccm — 22.000 
pathog. Keime in 1,0 ccm — 3 Kolonien. 


Es uberwiegen wieder stabchenformige Bakterien. Vibrionen, Spi- 
rillen und Bakt. mycoides wie in den vorhergehenden Proben, 
Fadenbakterien etwas haufiger. Kokken nur vereinzelt. 


Probe XI,73.10.51,. 137 Uhr 30 
1 km unterhalb Glaserzell. 
Breite: 25 m; Tiefe: 1 m; Stauwasser 
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vassertemperatur: 14,0°; pH: 7,3. 

fer: Weideland, Erlen- und Weidenbewuchs. 

co Mit Schlamm iiberzogen, vereinzelt Sphaerotilus- 
»ckKen. 

robeentnahme: Rechts Ufer, 50 cm tief. 


rgebnisse: Keimzahl in 1,0 ccm —= 19.000 
Bakt. coli in 1,0 ccm — (uberwachsen) 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Bac. mycoides ist noch haufiger geworden. Stabchen und Faden- 
akterien vorhanden, vereinzelt Vibrionen und Kokken. 


Probe" XI7, 3.10.51; 14 Uhbr-10 


km vor Liidermtind 

reite: 20 m; Tiefe: 1,5 m; Stromungsgeschw. 15 cm/sek. 
fassertemp.: 14,6°; pH : 7,3. 

fer: Links Niederwald mit breiter Phragmiteszone. Rechts Weide- 
nd. 

ntergrund: Steinig, verschlammt, Sphaerotilusflocken. 
robeentnahme: Rechtes Ufer, 50 cm tief. 


rgebnisse: Keimzahl in 1.0 ccm — 18.000 
; Bakt. coli in 1,0 ccm — 180 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Vorwiegend hefeartige Zellen, einzeln und in Ketten, die an 
seudomycele erinnern. Weiterhin haben sich Kolonien von Stab- 
en mit Sporen gebildet. Kokken, Vibrionen und Spirillen nur ver- 
nzelt. 


Probe XIII, 4.10.51, 9 Uhr 30 


lider, 100 m vor der Miindung in die Fulda. 

reite: 8 m; Tiefe: 50 cm; Strémungsgeschw. 40 cm/sek. 
lassertemp.: 10,4°; pH: 7;2. 

fer: Rechts steiler Abhang, Buchenwald, links Wiese, Phragmites- 
ne. 

ntergrund: Basaltgeréll, Ranunc. fl. und Elodea can. 
‘obeentnahme: Flufmitte, 30 cm tief. 


‘gebnisse: Keimzahl in 1,0 ccm — 800 
Bakt. coli in 1,0 ccm — 10 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Kokken, die teilweise Kolonien gebildet haben, herrschen vor 
bb. 7 u. 8). Diinne lange Stabchen ebenfalls haufig. Fadenbak- 
rien, Vibrionen und Spirillen kénnen nicht nachgewiesen werden. 
as Wasser der Liider ist auferordentlich klar und lat dem Augen- 
hein nach euf keinerlei Verunreinigung schliefien. 
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Abb. 1 und 2 (nach Radzimowski) 


Probe XIV, 4.10.51, 9 Uhr 50 


Fulda, 500 m unterhalb der Liidermiindung. 
Breite: 20 m; Tiefe: 2 m; Strémungsgeschw. 50 cm/sek. 
Wassertcnips: LO, lace plle is. 
Ufer: Rechts Weideland mit breitem Phragmitesgiirtel, links 
Buchenwald. 
Untergrund: Basaltschotter, wenig verschlammt. 
Probeentnahme: Linkes Ufer, 50 cm tief. 
Ergebnisse: Keimzahl in 1,0 ccm — 1.500 
Bakt. coli in 1,0 ccm — 107 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 
Stabchen und Kokken fast in gleicher Menge vorhanden; reich- 
liche Fadenbakterien, selten dagegen Vibrionen und Spirillen. 
(Das Bild der Probe scheint auf eine ungeniigende Vermischung 
des Fuldawassers mit dem der Liider zuriickzufiihren zu sein. Miin- 
dung und Probeentnahmestation lagen beide am linken Ufer und 
nur 500 m auseinander. Sichtbare ,,Bandbildungen”’ verschmutzen- 
der Gewasser sind eine bekannte Erscheinung.) 


Probe XV, 4.10.51, 10 Uhr 30 | 


12 km unterhalb der Abwasserzufiihrung bei Horas. 

Breite: 15 m; Tiefe: 3 m; Strémungsgeschw. 5 cm/sek. 
Wassertemp.: 10,1°; pH: 6,9. 

Ufer: beiderseitig steiler Wiesenabbruch. 

Untergrund: Steinig, mit groSen Feldern von Ranunc. fl. tiberzogen. 
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Probeentnahme: Rechtes Ufer, 50 cm tief. 


Ergebnisse: Keimzahl in 1,0 ccm — 250 
Bakt. coli in 1,0 ccm — 30 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


Nur Kokken und sehr kleine Stabchen. 


Probe XVI, 4.10.51, 12 Uhr 


3 km oberhalb von Pfordt. 

Breite: 15 m; Tiefe: 1,5 m; Strémungsgeschw. 50 cm/sek. 
Wassertemp.: 12,2°; pH: 6,8. 

Ufer: Beiderseitig Wiesenabbruch mit dichtem Weidengestrauch. 
Untergrund: Steinig, Ranunc. fl. 

Probeentnahme: Rechtes Ufer, 50 cm tief. 


Ergebnisse: Keimzahl in 1,0 ccm — 110 
Bakt. coli in 1,0 ccm — 6 
pathog. Bakt. in 1,0 ccm — nicht nachgewiesen. 


Kokken iiberwiegen deutlich. An einigen Stellen haben sie win- 
zige Kolonien gebildet, ebenso kleine Stabchen und Kokkobazillen. 
Andere Formen wurden nicht beobachtet. 


Probe XVII, 4.10.51, 12 Uhr 40 


5 km unterhalb von Pfordt. 

Breite: 20 m; Tiefe 2 m; Strémungsgeschw. 30 cm/sek. 
Wassertem pmo. septies.0- 

Ufer: Flaches Weideland auf beiden Seiten. 
Untergrund: Steinig, verschlammt. 

Probeentnahme: Rechtes Ufer, 40 cm tief. 


Ergebnisse: Keimzahl in 1,0 ccm — 1550 
Baktcoliyine1.0, cent — 10 
pathog. Keime in 1,0 ccm — nicht nachgewiesen. 


In der Mehrzahl finden sich wieder stabchenformige Bakterien, 
vereinzelt Vibrionen und Spirillen, Kokken selten. 

Fir eine erneute Verunreinigung der Fulda kénnen hier die Ab- 
wasser des Ortes Pfordt verantwortlich gemacht werden. 

Um einen Uberblick zu geben, faften wir die chemischen und 
bakteriologischen Daten sowie den Charakter des Bakterienplanktons 
in einer Tabelle zusammen (Tab. 2), wobei sich eine erstaunliche 
Ubereinstimmung der Werte ergibt. 

Es zeigt sich, daf} die chemischen Analysen parallel zu dem Ver- 
schmutzungsgrad des Wassers einen entsprechenden Gehalt an 
Ammoniak, Nitriten, Nitraten sowie Schwefelwasserstoff und Sauer- 
stoff ergeben (s. Proben V—XII). Wir nehmen an, daf an diesen 
abwasserfiihrenden Flufabschnitten die Zersetzung der organischen 
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stoffe in vollem Gange ist. Die weiteren Proben zeigen, daf der 
selbstreinigungsprozef stetig vor sich geht. Der Einflu8 der Liider, 
lie bei einer grofen Wasserfiihrung relativ sauberes Wasser hat, 
nacht sich eindeutig bemerkbar. Die Gesamtwassermenge steigt 
theblich an, wobei das verschmutzte Fuldawasser verdiinnt und 
ler ReinigungsprozeB beschleunigt wird. Die folgende Proben lassen 
ermuten, daf} weiter flu8abwarts keine gréferen Abwassermengen 
nehr eingeleitet worden sind mit Ausnahme des FluSabschnittes 
interhalb des Dorfes Pfordt. 

Das Bakterienplankton ist mengenmafig ebenfalls in Tab. 2 
ngegeben, wobei das Quantum der einzelnen Bakterienformen wie 
olgt bezeichnet wird: 


+++-+ wtberwiegend 
++--+- jin der Mehrzahl 
+ reichlich 
+  vereinzelt 
— nicht nachgewiesen. 


Fir die Keimzahlbestimmung kamen nur die Werte der Platten- 
nethode in Betracht, da die Direktmethode, wie schon erwdhnt, 
urch die Vermehrung der Mikroorganismen auf den Filtern ausfiel. 

Wir mufiten uns daher auf die morphologische Beschreibung des 
sakterienplanktons beschranken. 

Eine rege Vermehrungstendenz auf den Filtern zeigten Staébchen 
nd kokkenférmige Bakterien. Eine Kolonieentwicklung der Vibri- 
nen und Spirillen konnte nicht festgestellt werden. Diese Formen 
aren nur einzeln aufzufinden. Verschiedene Arten von Actinomy- 
eten, Monilia u.a. entwickelten sich ippig, wobei wir darauf hin- 
reisen mochten, daf} es selbstverstandlich unméglich ist, die Be- 
timmung der einzelnen Bakterienarten auf Grund eines morpholo- 
ischen Befundes vorzunehmen. 

Mit Hilfe der direkten Membranfilter-Methode zeigten wiz, da 
n Durchschnitt in verunreinigtem Wasser stabchenférmige Bak- 
rien vorherrschen, wahrend ein Uberwiegen der Kokxen fiir relativ 
iuberes Wasser charakteristisch zu sein scheint. Die Proben IV— 
II geben den ersten Typ wieder. Dazu kommt noch der Nachweis 
yn Vibrionen, Spirillen und Fadenbakterien. Die Aufzeichnung der 
uBerlich sichtbaren Verunreinigung des Flusses sowie die Ergeb- 
isse der chemischen Untersuchungen sprechen fiir diese Fest- 
ellungen. Die genannten Formen des verunreinigten Wassers treten 
ort in Massen auf, wo der Zersetzungsprozef organischer Stoffe 
or sich geht. 

Die Tatsache, da das Vorkommen charakteristischer Bakterien- 
rmen vom Verschmutzungsgrad des Wassers abhangig ist, reicht 
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jedoch umgekehrt bei weitem nicht aus, diesen auf Grund einer 
Untersuchung des morphologischen Bildes der Bakterienflora end- 
giiltig zu bestimmen. Je kleiner ein Organismus, der als ‘Leitform 
fiir das Saprobiensystem gelten soll, und je kleiner sein physiolo- 
gischer Lebensraum ist, desto grofer ist die Rolle des Zufalls. Fremd- 
infektionen und eine zeitlich nur kurze Veraénderung des Milieus 
an den Mikrostandorten kénnen das wahre Gesamtbild verfalschen. 
Ebenfalls ist es noch nicht zu tbersehen, inwieweit die Stromungen 
des Wassers die verschiedenen Formen von ihrem jeweiligen Milieu 
trennen und mit anderen vermischen kénnen, und wie lange sie 
sich dann unter den verschiedenartigsten Einfliissen fiir die Direkt- 


methode kenntlich erhalten. Obwohl alle diese Dinge bei der Probe- — 


entnahme beriicksichtigt werden konnen, kann ein vollstandig ab- 
gerundetes Charakterbild eines Gewdssers nur gewonnen werden, 
wenn samtliche Disziplinen der Hydrobiologie herangezogen werden. 

Wenn auch alle diese Untersuchungen noch den Charakter des 
Vorlaufigen haben, so scheint uns doch die Annahme berechtigt, 
daf8 die Anwendung der Membranfilter-Methode neue Méglich- 
keiten bietet, diesen so tiberaus schwierigen Problemen der Rolle der 
Mikroorganismen in der Biozénose eines Gewdssers naher zu 
kommen. 


ZUSAMMENFASSUNG 


Es wurde mit Hilfe der kulturellen und der direkten Membran- 
filter-Methode ein Flussabschnitt der Fulda, der sich durch starke 
Abwasserfitihrung auszeichnete, bakteriologisch untersucht. Bei der 
direkten mikroskopischen Zahlung der Bakterien auf den Filtern 
wurden Zahlen gefunden, die die des Koch’schen Plattenverfahrens 
um das 10 bis 50-fache tiberstiegen. Das Studium der Bakterienformen 
in den verschiedenen filtrierten Proben lat bei dem Vergleich mit 
den parallelen Untersuchungen — mit entsprechenden Vorbehalten 
— Schlisse auf die Beziehungen zum Verschmutzungsgrad des 
Wassers zu. 
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The Fresh-Water Algae of Montana. I. 


New Species of Chaetophoraceae 


G. W. PRESCOTT 


Few published reports have appeared which deal with the algal 
flora of Montana where, especially in the western and mountainous 
sections, there are many suitable habitats for these plants. One of the 
more productive regions is in the valley occupied by Flathead Lake. 
This is a relatively large body of water lying along the west side of 
the picturesque Mission Mountains mostly in Lake County. The 
lake is approximately 40 miles in length, and averages 7 miles in 
width, being formed in part by the Flathead River. The valley is a 
glacial one and the lake is bounded on its southern extremity by a 
terminal moraine. 

Beyond the moraine the valley, once occupied by an ancient inland 
sea, continues as a rolling till plain, abundantly beset with shallow 
ponds, sinks, and swamps. Whereas the ponds and pools overlie the 
same soil type, and are subjected to the same edaphic factors, the 
the algal flora varies decidedly one from another. In some ponds the 
water is slightly acid (pH 6.8) and desmids predominate. In others, 
especially in the reservoir lakes in the lower part of the valley (sou- 
thern end) some 20 miles from the south shore of Flathead Lake, the 
water is basic and diatoms, blue-green, and basiphilic green algae 
such as Hydrodictyon, Cladophora, and Rhizoclonium predominate. 
Except for diatoms, Flathead Lake itself is almost an algal desert. 

Among the new or otherwise interesting species of algae collected 


in this region are three apparently new members of the Chaetopho- 
raceae. 


Draparnaldiopsis salishensis sp. nov. *) !) 


Thallus an axis of quadrate or short cylindrical cells alternating 
with very short, disciform cells which bear a whorl of 3-4 fascicles of 


*) The author is grateful to Dr. HANNAH CROASDALE for her assistance in pre- 
paring the Latin diagnoses. 


=) Thallus axis e cellulis quadratis aut brevi-cylindricis alternantibusque bre- 
vissimis disciformibus compositus, his verticillum 3—4 fascicularum ramorum 


DZ 


Plate I 


Draparnaldiopsis salishensis sp. nov. 


tig. I. Habit of portion of main axis. 
*ig. 2—3. Individual branches of fascicle. 
fig. 4. Cells of main axis with chloroplast 


ae 


branches composed of cells much smaller than those of the main axis; 
branches irregularly dichotomous or trichotomous, the cells fusiform, 
capitate, or repand, and terminating in long setae with bulbous bases; 
chloroplasts in the main axial cells a narrow parietal ring containing 
several pyrenoids, in the cells of the branches occurring as single or 
as 2 parietal plates each with a pyrenoid; main axial cylindrical cells 
20—23 mu in diameter, 25—35 mw long; branch-bearing cells of the 
main axis about one-fifth as long as the cylindrical cells; cells of the 
branches 5—8—(10) jv in diameter; filaments imbedded in a copious, 
very soft and formless mucilage. Pl. I. 

Clinging about submerged aquatic plants in Turtle Lake, 14 miles 
south of Flathead Lake, Montana. July, 1950, 1951. 

The habitat where this species was collected is a small lake used 
for irrigation. The water level fluctuates greatly during the season as 
the outlet gate is lowered or opened. The plants make their appear- 
ance early in July and are at first very sparse. By early August the 
submerged vegetation in shallow water is veritably coated with soft, 
mucilaginous thalli and the algae may be stripped from their sub- 
strates by handfuls. Scarcely any other algae occur in the lake which 
is fed by a small stream of basic water. The elevation is about 3000 
feet above sea level. 

This genus was described originally from a subalpine station in 
California by G. M. SmiTH and F. D. Kiyver as D. alpina. Another 
species (D. indica) has been reported from India by BHARADWaja. The 
Montana plant differs from both of the other species in its habit of 
branching, which is mostly whorled, and in the manner of branch 
origin and structure. The cells of the branches are mostly tumid, rather 
than cylindrical, and some are definitely fusiform. The setae with 
bulbous bases constitute another character which is different from 
the other described species. The chloroplast of the main axial cell is 
a plain band and not laciniate. 

Although numerous swarming, gamete-like cells were observed, 
and although these were occasionally seen to be in contact with one 
another, actual union was not detected. The motile elements are 


e cellulis multo minoribus quam cellulis axis principalis compositorum ferenti- 
bus; rami irregulariter dichotomi aut trichotomi, cellulae fusiformes capitatae 
aut repandae, in setas basibus bulbosis praeditas desinentes; chloroplastus in 
cellulis axis principalis anulus angustus parietalisque pyrenoidea aliquot con- 
tenens, in cellulis ramorum chloroplasti velut laminae I—2 parietales existen- 
tes, omnibus pyrenoideo praeditis; cellulae cylindricae axis principalis 20—23 
diam., 25—35 « long.; cellulae ramiferae axis principalis mangitudine circa 
quintae partis cellularum cylindricarum; cellulae ramorum 5—8—(10)  diam.; 
filamenta in mucilagine inclusa copiosa mollissima sine forma. 
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Fig. 
Fig. 
Fig. 
Fig. 
“ig. 
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Plate II 


Draparnaldia sparsifasciculata sp. nov. 


Habit of main axis showing sparsely arranged fascicles. 
One fascicle and rhizoidal branch. 

Panduriform cells of the branches. 

Cell of main axis with thickened lateral walls 
Setiferous tip of fascicle branch. 
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formed in undifferentiated cells in the median part of the branches, 
not in the terminal cells. 


Draparnaldia sparsifasciculata sp. nov. 2) 


Thallus consisting of an axis of tumid cells, much constricted at 
the cross walls, bearing alternate or opposite fascicles of branches of 
much smaller cells, the fascicles remote from those above and below; 
cells of the branches tumid or panduriform, the apices setiferous, 
sometimes with flagelliform cells which are bluntly tipped; chloro- 
plast of the main axial cells a narrow, parietal band with undulate 
margins; pyrenoids 3 to several; chloroplast in the branch cells a 
parietal plate, nearly or quite covering the wall; cells of the main axis 
20—25—(40) in diameter, 56—75—(80) u long; thallus imbedded 
in a soft, watery and scarcely discernible mucilage. Pl. II. 

Attached to submerged grasses in a small pond in lower Mission 
Valley (Nine Pipes Reservoir district), Montana. July, 1951. 

The chief characteristic of this plant is the slender axis of tumid 
cells bearing remotely arranged and rather sparsely branched fascicles 
The panduriform or repand cells are unlike any other described 
species. The main axis was not observed to have secondary branches 
of unlimited growth which are commonly found in other species of 
Draparnaldia. Near the base of the filaments downward-projecting, 
colorless rhizoidal cells are found. Some of the axial cells near the 
base have very much thickened lateral walls. 

The pond where this species was collected is acid and contains a 
fairly rich desmid flora, together with many chlorococcalean species. 
The elevation is about 3000 feet above sea level. 


Stigeoclonium Nelsonii sp. nov. *) 


Filaments long and sparingly and loosely branched, the main axes 
composed of cylindrical or subcylindrical cells, bearing alternate and 
irregularly arranged fascicles composed of cells slightly smaller than 


*) Thallus ex axe compositus cellularum tumidarum ad dissaepimenta multum 
constrictus, fasciculus alternas oppositasve ramorum e cellulis multo minoribus 
compositorum ferens; fasciculis ab eis superis inferisque remotis; cellulae 
ramorum tumidae panduriformesve, apicibus setiferis, cellulas flagelliformes, 
cacuminibus obtusis praeditas interdum habentibus; chloroplastus cellularum 
axis principalis taenia angusta parietalis, margines undulatos praebens, 3 aut 
plura pyrenoidea habens; chloroplastus cellularum ramorum lamina parietalis, 
membranam aut onmino aut magna ex parte obducens; cellulae axis principalis 
30—25—(40) wu diam., 56—75—(80) mw long., thallus in mucilagine molli, 
aquosa, vix dis- tinguibili inclusus. 

*) Filamenta longa, parce laxeque ramosa, axes principales e cellulis cylindricis 
aut subcylindricis compositi, cellulis fasciculas alternas irregulariter dispositas, 
e cellulis paulo minoribus quam cellulis axis principalis compositas, ferentibus, 
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A et es 


Plate III 


Stigeoclonium Nelsonii sp. nov. 


of thallus. 


base 


Apex of main axis showing fascicles of branches. 


Portion of main axis near 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Plate IV 


Stigeoclonium Nelsonii sp. nov. 


Habit of thallus 

Origin of branches from main axis. 
Portion of branch in detail. 

Cell of main axis showing chloroplast. 
Germlings. 


hose of the main axis, the branches ending in sharply pointed, or 
sometimes bluntly pointed or spatula-shaped cells; main axis termi- 
lating in a fascicle with several subterminal cells giving rise to a fas- 
icle of branches; chloroplast an incomplete and wide parietal band 
n the cells of the main axis, a band or parietal plate in the cells of the 
Sranches; main axial cells 20—36 w in diameter, 3—5 times the dia- 
meter in length. Pl. ITT, IV. 

On the shell of a dead snail, floating in a small pond (Black Tern 
Pond) 


ramis in cellulas acute, aut interdum obtuse acuminatas, aut spathiformes ter- 
minantibus; axis principalis terminans in fasciculam aliquot cellulas subter- 
minales, fasciculam ramorum vicissim effecentes, habentem; chloroplastus in 
cellulis axis principalis taenia aut lamina parietalis; cellulae axis principalis 
20—26 4 diam., 3—5 plo longiores quam latae. 
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A new Species of Anabaenopsis in a 


Kansas Lake with notes on Limnology 


G. W. Prescott!) and Tep F. ANDREWS’) 


Wooster Lake is a shallow, basic pond on the campus of Kansas 
State Teachers College at Emporia. The pond is young, having existed 
but 13 years, is about 2 acres in surface area, has a maximum depth 
of about 12 feet and a mean depth of 6 feet. It is, therefore, subject to 
complete overturn and develops a relatively high surface temperature 
(September 26, 25.9° C. e. g.). But there is a large temperature gra- 
dient from surface to bottom during most of the time except when 
there is an ice cover. 

The chemical nature of the water and the high temperature are 
favorable for the development of blue-green algal blooms. The fer- 
tilizing nutrients are amply provided by drainage from the surroun- 
ding populated area, from the overflow of a college swimming pool, 
and from a storm-sewer drainage. The lake is fed principally by 
springs at the bottom and is relatively clear (less than 30 ppm. tur- 
bidity). There is scarcely any vegetation other than Typha latifolia 
L., Nymphaea odorata Ait., and Dianthera americana L. 

The limnological characteristics, in general rather constant through- 
out the year, are shown in Table I which presents data taken weekly 


ABER 


Mean limnological characteristics of Lake Wooster ascertained from 
weekly samples taken during October and November, 1951 


Missanjoysvay joel (C{OP (Oe Povo, M-O Total Total Organ 


DeruG: ppm. ppm. Alk.ppm. Alk.ppm. Hard.Sest. Sest. 
ppm. mg/L mg/L 

OV~Gi, Sermikwse How Rs Ox way 4.4 719 i335 187 eget 
Weioyawoyen Tey Ee Gall Sh 0.0 87 136 28.8 7.6 
INOW Swiss Ze RA Oe ZAKe 0.0 90 [2T  l2 7a 4-O 
Botton 0:2 ee LOmS 2 SS 0.0 94. 3/3 LO cme 


") Department of Botany, Michigan State College. 
*) Department of Zoology, Kansas State College. 
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during October and November, 1951. In October the surface tem- 
erature varied from 26.1° C. on October 3, to 14° C. on October oy, 
while at the same time the bottom temperature ranged from 17.9° C, 
to 13.1° C. The water chemistry, pH and electrolytes, remain some- 
what uniform but it is significant that CO, usually present at the bot- 
fom is almost lacking near the surface. 

On September 25, 1951, there developed a dense algal bloom 
which was similar in appearance to those formed by Aphanizomenon 
flos- aquae L. or by Microcystis aeruginosa KUETZ., presenting a thick, 
surface scum. Upon examination, however, the alga proved to be 
Anabaenopsis and to have characteristics which warrant its descrip- 
tion as a new species. The bloom endured as a scum for two days and 
then disintegrated, coloring the water a greenish-yellow. The day 
after the peak of the bloom (September 26) the lake possessed lim- 
nological characteristics shown in Table II. 


TABEE, IT: 


Limnological characteristics of Wooster Lake, September 26, the 
day following the peak of Anabaenopsis bloom. 


Temp. pH CO; Ph’th. M-O OO}; 

in deg.C. ppm. Alk.ppm. Alk.ppm. ppm. 
Surface 25.9 8.4 fe) 3 81 13 
Bottom 18.0 6 fe) 90 1.5 


Anabaenopsis seriata Presc., sp. nov.1) 


Trichomes solitary or entangled, short, straight or slightly curved, 
up to 80 u in length, tapering at one or at both ends, never coiled; 
cells cylindrical, not constricted at the cross walls, cell-contents blue- 
sreen, finely and densely granular; heterocysts conical, terminal, at 
one or rarely at both ends of the trichome, 3 yu in diameter, 4.6-5 yu 
long; akinetes oval to cylindrical, solitary or in a terminal series (2-5) 
adjacent to the heterocysts, 3-3.5 « in diameter, 9-16 long, contents 
coarsely granular; vegetative cells 2.5-2.8 in diameter, 7.5-10 yu 
long. Figs. 1-3. 


') Trichomata singularia.aut implicata, brevia ad 80 uu longitudine, recta aut 
subcurvata, numquam helicoidea; cellulae cylindricae, ad dissaepimenta non 
constrictae, intus coerulo-virides, subtiliter denseque granulosae; heterocystes 
conicae, terminales, ad unam aut raro ad utramque extremitatem trichomatis, 
3 w diam., 4.5—5—(8)  long.; akineta ovata ad cylindrica, singularia aut in 
serie terminale (2—5), contingentia ad heterocystes, 3—3.5 / diam., 9—16 Iu 
long., intus grosse granulosa; cellulae vegetativae 2.5—2.8  diam., 7—IO 
long. ; 

The authors are grateful to Dr. HANNAH CRoASDALE for her assistance in the 
preparation of the Latin diagnosis of Anabaenopsis seriata. 
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Fig. I. 


Young trichome with 
heterocysts at both ends 
Mature trichomes with 
akinetes 

Young trichome with 
apical cells tapering. 


——— ee eee 


Plankton in Wooster Lake, Emporia, Kansas. September water 
bloom. 


This species has some characteristics in common with A. Raci- 
borskit Wolosz. which was described from a lake in Java. That plant 
may have straight trichomes but has cells constricted at the cross 
walls and differently shaped heterocysts. The akinetes are unknown 
for A. Raciborski. In preservative the collections of A. seriata be- 
come a bright marine-green color. 
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A Note on the Occurence of Hexarthra 
fennica LEVANDER in Czechoslovakian 
Oligohaline Waters 


By 


VLADIMIR SLADECEK. 


In the northeastern part of Moravia in the vicinity of the town of 
Moravska Ostrava (a part of the former territory of Silesia), three 
new habitats of the Rotifer Hexarthra fennica LEVANDER were found 
in June, 1950 and August, 1951. This is the first record dealing with 
this species in Czechoslovakia, since the discovery of the near related 
species Hexarthra oxyuris ZERNOV by KOHL (1942) in the salt waters 
of Soos (western Bohemia). 


The specimens from the silesian ponds Novy Stav, Hefmansky 
and Lesnik are well developed and belong to the typical species as 
described by LrvaNDER (1892, 1894) from Finland. See figs 1—6. 
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Measurements: Length of the trunk 125—150 w, hight of trunk 
55 ws length of the ventral arm 125 yw, length of the bifurcate filamen- 
ous appendages on this arm 100 w, length of the dorsal arm 85—90 ju, 
ength of its bifurcate filamentous appendages 40—80 jw. Dental 
ormula 7/7. Stylate appendages, sabreshaped cuticular appendage 
ym the trunk and lower lip lacking. No transitory specimens to the 
species (or variety?) oxyuris ZERNOV were observed. 

The zooplankton of the three ponds in which Hexarthra fennica 
xccurs consists of the following species: 


Pond Novy Stav, June 10th, 1950 (leg. Dr B. FotrT): 
Rotatoria: Brachionus plicatiis O. F. MULLER (abundant), 
Hexarthra fennica LEv. (abundant), Keratella stipi- 
tata EHRENBERG, Rotatoria contracta g. sp. 
Cladocera: Daphnia pulex DEGEER (abundant). 
Copepoda: nauplii (abundant), copepodits (abundant), Cy lops 
Cyclops strenuus FISCHER. 


Pond Novy Stav, August 13th, 1951 (leg. Dr V. SLADECEK): 
Rotatoria: Brachionus plicatilis O. F. M., Brachionus rubens 
EursG., Hexarthra fennica Lev. (abundant), Kera- 
tella quadrata dispersa CARLIN, Notholca acuminata 
EursG., Polyarthra vulgaris CARLIN (abundant). 
Cladocera: Ceriodaphnia quadrangula O. F. M., Daphma pulex 
DEGEER (abundant), Scapholeberis mucronata O. 
F. M. 
Copepoda: nauplii (abundant), copepodits (abundant), Eudiap- 
tomus vulgaris SCHMEIL. 
The brackish water diatom Bacillaria paradoxa GMELIN was deter- 
mined by Doctor B. Fortr from this sample. 


Pond Lesnik, June 9th, 1950 (leg. B. Fort): 
Rotatoria: Brachionus plicatilis O. F. M., Keratella quadrata 
quadrata CARLIN. 
Cladocera: Bosmina longirostris O. F. M., Chydorus sphaericus 
O. F. M., Daphnia magna STRAUS (abundant), Sca- 
pholeberis mucronata O. F. M. 
Copepoda: nauplii (abundant), copepodits (abundant). 


Pond Lesnik, August 13th, 1951 (leg. V. SLADECEK): . 
Rotatoria: Brachionus plicatilis O. F. M., Hexarthra fennica 
Lev. (abundant), Hexarthra mira HUDSON, Kera- 
tella quadrata quadrata CARLIN, Monostyla bulla 
GossE, Monostyla closterocerca ScHMARDA, Poly- 
arthra vulgaris CARLIN (abundant), Testudinella 


patina O. F. M. 
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Cladocera: Ceriodaphnia quadrangula O. F. M., Chydorus 
sphaericus O. F. M., Daphnia longispina O. F, M. 

Copepoda: nauplii (abundant), copepodits (abundant), Cyclops 
Cyclops vicinus ULJANIN. 

Pond Hetmansky, June 19th, 1950 (leg. B. FotTT): 

Rotatoria: Brachionus rubens EHRBG., Hexarthra fennica LEv. 
(abundant), Keratella quadrata quadrata CARLIN, 
Keratella stipitata EHRBG., Notholca acuminata 
EHRBG., Polyarthra vulgaris CARLIN (abundant). 

Cladocera: Ceriodaphnia sp.juv., Chydorus sphaericus O. F,. M. 

Copepoda: nauplii (abundant), copepodits (abundant). 


Pond Hetmansky, August 13th, 1951 (leg. V. SLADECEK): 
Rotatoria: Brachionus calyciflorus PaLias (f. dorcas), Brachio- 
nus urceus L., Keratella quadrata quadrata CARLIN, 
Polyarthra vulgaris CARLIN (abundant). 
Cladocera: Ceriodaphmia pulchella SARs, Chydorus sphaericus 
O. F. M., Moina cf. micrura Kurz, Scapholeberis 
mucronata O. F. M. 
Copepoda: nauplii (abundant), copepodits (abundant), Cyclops 
Acanthocyclops vernalis FISCHER. 
The composition of the water was August 13th, 1951 as follows: 


Temperature pH Alkalinity Chlorides 


(Centigrades) (mlval) (p.p.m.) 
Novy Stav 22 7,6 2.0 400 
Lesnik py) ie) 2,4 _ 
Heitrmansky 21 re: —— — 


The water of the fishpond Novy Stav belongs also to the oligo- 
haline brackish waters (100—1000 mg Cl’ pro liter, REDEKE, 1934). 
I think that the amount of chlorides in the other two ponds is slightly 
less than that of the pond Novy Stav. The salinity of these ponds is 
caused by the carboniferous sedimentary rocks in the bottom. The 
rotifers Hexarthra fennica LEVANDER and Brachionus plicatilis O. F. 
MULLER as well as the diatom Bacillaria paradoxa GMELIN are well- 
known characteristic forms and indicators for brackish waters. The 
other species which I have found have to be considered as euryhaline 
freshwater species, as stated by REMANE (1934) e.g. for Keratella 
cochlearis (= K. stipitata), Keratella quadrata and Polyarthra trigla 
(= probably P. vulgaris), already. . 

There are also in Czechoslovakia three districts with brackish 
waters, in which true brackish water living species are now known: 
The vicinity of the town Lednice (southern Moravia), Soos at the 
spa Frantiskovy Lazné (western Bohemia) and the northeastern 
vicinity of Moravska Ostrava, as just recorded. 
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EXPLANATIONS TO THE FIGURE ON P. 64 
Jexarthra fennica LEVANDER. — Fig. 1. Frontal view with the ventral arm in 
oreground and the dorsal arm in background. — Fig. 2. Lateral view, the 
-entral arm on the left. Specimen with an egg. — JEbes, 3ie, JAN ventral arm. — 
sig. 4. A ventrolateral arm. — Fig. 5. A dorsolateral arm. — Fig. 6. Another 
entral arm. — The figures 1, 3—6 are drawn in the same magnification. 
Yriginal according to preserved specimens from silesian ponds. 
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The production of organic matter by the 
phytoplankton in a danish lake receiving 
extraordinarily great amounts of 
nutrient salts 
by 


E. STEEMANN NIELSEN 
Royal Danish School of Pharmacy 
Botanical Department, Copenhagen. 


Sgllerod Se, some 7 or 8 miles norch of Copenhagen, which is 
about 15 ha in extent and up to about 7 m in depth, receives extra- 
ordinarily large quantities of purified sewage in proportion to its size. 
Investigations on the biological effects hereby have been started by 
Professor K. Erik Jensen, the chemist, C.V. Otterstrom, M. Sc., 
fishery biologist, and the author of the present article. The results 
obtained will be published elsewhere. The present paper is intended 
only to give a short account of the production of matter by the phyto- 
plankton. Knud Andersen, M. Sc., assisted in these investigations. 

The investigations of the production of matter were made by 
means of the so-called Gran method, i.e. suspension at different 
depths of bottles (transparent as well as black) containing water from 
the lake. The oxygen metabolism is by means of Winkler titrations 
followed in these bottles. On the basis of the oxygen metabolism in 
the bottles it is possible to calculate the photosynthesis and the 
respiration at the various depths. It is furthermore possible to cal- 
culate the total production of matter and the total loss of matter per 
surface unit. Further details about the method are found in STEEMANN 
NIELSEN 1951 Chapter Two. At the present experiments the bottles 
were suspended at the depths 0.25, 0.5, 1, 2, 3, 4, and 5 m. Care was 
taken that the water at the start of the experiments was not super- 
saturated with air. 

Whereas such experiments generally are made to last for 24 hours, 
the duration of the present experiments during the summer months 
was made shorter. The bottles were suspended in the evening after 
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sunset and taken up again when the sun was at its meridian altitude 
the next day. Thus half of the photosynthesis during a whole day was 
measured. The reason why a shorter time of experiment was used 
was that the huge rate of photosynthesis in the bottles gave rise to 
SO great a production of oxygen that air bubbles developed. At a 
Shorter experimental period it was possible to reduce the develop- 
ment of air bubbles considerably — although it was not possible to 
prevent it completely. On the basis of the size of the air bubbles it 
was possible to estimate that the values for the production of matter 
measured close to the surface were about 25 per cent. too low. We 
did not, however, correct for the oxygen in the air bubbles, in the 
first place because these appeared only in the bottles suspended at 
the depths at the nearest distance from the surface, in the second 
place because the error was estimated to be without greater impor- 
tance for the problem investigated. 

The experiments were made twice a month during a year (Decem- 
ber 1943—November 1944), the ice in the lake during two winter 
months, however, preventing any investigations. The experiments 
were made in the middle of the lake, where the depth is about 7 m. 
The productive layer proved to be very thin, during the summer 
months only 1—2 m thick. This was due to the extremely large 
quantity of plankton, which absorbs the light. In March the produc- 
tive layer was about 3 m thick. As the productive layer was so extra- 
ordinarily thin, surface water was used in all experiments. Plankton 
countings showed a rather even distribution of the plankton in the 
uppermost metres. 

Green algae were completely dominant during the summer time. 
Blue-green algae, which in other years give rise to water-bloom in 
Sollered Sg, did not appear in 1944. Besides green algae diatoms and 
flagellates occurred in winter and in the spring. The lake is typically 
alkaline. In the height of summer pH in the surface reached a value 
of 10.4. In winter and spring pH was about 8. The titration alkalinity 
in the surface varied between 4.5 mval./lin the spring and 2.6 mval./l 
in the height of summer. There were always extraordinarily large 
quantities of nutrient salts. The minimum value for phosphate in the 
surface thus was 200 mg P,O,/m? (the middle of August). Iron per- 
haps occurs as a minimum substance in the height of summer. At 
any rate it is not possible at his time to demonstrate the presence 
of ferric ions. 

Fig. 1 shows the actual photosynthesis (gross production) cal- 
culated as carbohydrate per sq. m surface per day. It is seen that the 
highest value — nearly 10 g glucose per sq. m and per day — was 
found in July. A gross production of 1300 g glucose was found for 


the whole year. 
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Gross production. 


g carbohydrate per sq.m per day 


As appears from fig. 1 there are no statements for August. The 
series at the beginning of this month was lost. The next series was 
started on August 17 after sunset and was concluded the next day 
when the sun was at its meridian altitude. The experiments, how- 
ever, showed no — or practically no — photosynthesis. Was there 
no photosynthesis in the lake? Measurements of oxygen made at the 
same time showed a saturation of 221 per cent. at the surface. Such 
an intense supersaturation can only occur in the case of a constant 
intense photosynthesis causing a great production of oxygen. Thus 
the photosynthesis cannot have been quite insignificant during day- 
time on August 17. 
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Unfortunately pH was not determined in the water used for the 
experiments of metabolism. At noon the following day pH in the 
surface, however, was 10.2 and presumably pH will increase some- 
what during the day, falling during the night because of absorption 
of CO, from the air and by admixture of water from somewhat 
deeper layers. To all appearance pH at the start of the experiment 
in the evening of August 17 thus was more than 10.2. As the limit 
of the tolerance of aquatic plants to hydroxyl ions will normally 
be somewhere between the pH values 10 and 11 (see STEEMANN 
NIELSEN 1947) there is nothing curious in the fact that it was practic- 
ally impossible to demonstrate any photosynthesis in the surface 
water. 

It would, however, be wrong to conclude from the missing photo- 
Synthesis in the experiment that no photosynthesis took place in the 
surface water of the lake during the same period. During the night 
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there will be an absorption of CO, from the atmosphere through 
which the pH value at the surface will be reduced. Simultaneously 
because of the cooling an admixture to the surface of slightly deeper 
layers of water, in which pH had not reached so high a value during 
the day that the plankton algae had been injured, will take place. 
This admixture will cause partly a renewed supply of living plankton 
algae to the surface layer, partly a reduction of pH. Therefore photo- 
synthesis will start again in the surface layer in the morning. The 
photosynthesis will not stop here till some time in the day when pH 
has increased to the value critical to the plankton algae. 

At the following investigations in the lake on September 7—8 the 
situation was completely different as the summer stagnation had 
ceased. The deeper water masses of the lake which in the height of 
summer were oxygen-free and contained sulphuretted hydrogen had 
been mixed with the water masses of the surface. The consequence 
was that the amount of oxygen at the surface had been reduced to 
21 per cent and pH to 9.4. 

According to MULLER 1948, p. 90, the daily real photosynthesis 
(net production) per sq. m in a growth of well-manured barley 
(Hordeum distichum nutans f. kenia) is a good 40 g dry matter in 
June (Denmark). In Sollered Se only about 25—30 per cent. of this 
is reached in summer, even if it is considered that the determinations 
of the photosynthesis immediately below the surface are 25 per cent. 
too low because of the disengagement of air bubbles described above. 
The lower production per surface unit in Sellered Se indicates a 
lower utilization of light by the plankton algae than by the plants 
in a field of barley. It must be mentioned that other factors — first of 
all enzymatic ones — are also involved in the photosynthesis. Lack of 
e.g. iron in the surface water of the lake may very well have influenced 
the production of certain enzymes necessary in photosynthesis. 

The question, however, arises whether it is possible at all in the 
case of a lake of the same type as Sollerad Se and with its site yearly 
to produce very much more organic matter than shown in the present 
investigation. I think the question must be answered in the negative 
as the carbon dioxide metabolism will not allow of any materially 
greater photosynthesis in a lake of the present type. 

Fig. 2 shows a curve of the total carbon dioxide in the surface 
water of Sollerad Se. The figures are calculated from BucH 1945 
on the basis of titration alkalinity, pH, and temperature. It has been 
taken for granted that no other weak acids than carbon dioxide were 
present. This view presumably is not absolutely correct. To all 
appearance, however, such weak acids have not caused any material 


deviation. fi yf 
The curve in fig. 2 clearly shows that the total carbon dioxide 
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varies greatly according to season. When the production set in in the 
spring, about 4.5 mmol CO, total/l were found in the surface. During 
the spring and summer this value decreased steadily to about one 
third. The cause of this decrease was the consumption of CO, for 
the photosynthesis by the plankton algae. 

According to fig. 1 the gross production during the two summer 
months June and July was on the average 7.9 g glucose per day and 
per sq. m surface. If the surface layer is put at a thickness of 3 m, the 
respiration in this layer of water corresponded to 3.3 g glucose per 
day and per sq. m. The surplus production in this layer thus was 4.6 g 
glucose per day and per sq. m surface, corresponding to a consump- 
tion of 6.7 g CO,. During the two months there was thus — the 


> being put at 1.0 '). — a consumption 


hotosynthetic quotient —— 
p y, 1c quoti CO, 


- 


x 
1 
e eae aay ‘ 
ae ai Un 


© 
= 
_ ; ce 
5° x 
Qo. 
on 
je} 
Eo 
(cs 
fs x 
1 ot 
8 Pa 
+14 
N 
F i 
i) 
0 ee ae “lee a 
Jan. Feb. March April May June July Aug Sep Oct. Now 


Fig. 2. 


Total carbon dioxide in the surface water. 


in the surface layer 0O—3 m of 400 g CO, per sq. m. Furthermore a 
large quantity of CO, was removed from the surface layer because of 
precipitation of CaCO, — a secondary effect of the photosynthesis 
of the algae. According to the determinations of Ca there were 70 mg 
Ca/l about June 1, and 35 mg/l about August 1. From 3 cu. m (the 
surface water below 1 sq. m) there was thus a precipitation of 115 g 
CO, in the form of CaCQ,. 

Thus, with the 400 g consumed direct by the algae, a total of 515 
g CO, per sq. m was removed. As the quantity of CO, total according 


)) A the photosynthetic quotient is put at 1.1 — a possibly more correct value 
— this does not alter the calculations particularly. 
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to fig. 2 had dropped from 174 g CO, per cu. m to 68 g during the 
Same period, the reduction in the uppermost 3 m was in all 318 g per 
Sq. m surface. This shows that about 200 g CO, per sq. m must have 
been supplied to this surface layer from somewhere else during the 
same period. Part of this CO, was probably supplied by mixing with 
the water masses immediately below the surface layer proper, as at a 
depth of 4 m — but not at 5 m — it was possible to demonstrate a 
distinct increase in temperature during June—July. Ata depth of 4m 
12.4° C. was measured on June 8, 15.3° C. on July 6, and 17.8° C 
on July 22. 

If the water masses had been completely mixed right down toa. 
depth of 4 m, but no farther, and if the respiration at a depth of 4 m 
had been the same as in the surface, only about 125 g CO, per sq. m 
surface should have been added from outside during the period June 
1—August 1. Therefore the amount actually supplied from outside — 
i.e. from the atmosphere — must be supposed to be between 125 and 
200 g CO, per sq. m surface. Per month thus between 60 and 100 g 
CO, was absorbed. As Sallerad So is about 15 ha, a total of between 
10 and 15 tons CO, was absorbed from the air during a summer 
month, which corresponds to the total amount of CO, in a layer of 
air of a height between 100 and 150 m. 

As shown above, it was not until August that pH became the 
absolutely decisive limiting factor to the production of plankton. 
If the production of matter before that time had been greater, the 
pH-limit would have been reached previously. The CO, absorption 
from the atmosphere would not have been increased, at any rate not 
materially. Thus it is in reality the CO, absorption which decides the 
size of plankton production in this lake. This shows that in our lati- 
tudes we shall probably not find a lake with a much greater pro- 
duction than Sollered So. If so, the alkalinity of the water must 
either be abnormally high, or the surface layer must constantly be 
renewed by admixture of water from somewhere else. 

The amount of plankton measured per volume of water is excee- 
dingly great in summer in Sollerod Se. The photosynthesis in the 
surface measured per volume is exceedingly great, too. Measured per 
surface unit the photosynthesis is indeed great, but not exceedingly 
great. This is due to the slight thickness of the productive layer in 
summer — about 1.5 m. It should be mentioned that in the sea — 
with a productive layer of about 18 m — it is possible to find a pro- 
duction of nearly the same magnitude as that in Sollerod Se (STEE- 
MANN NIELSEN 1954, St. 167, Fig, 3. 
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SUMMARY 


The production of organic matter by phytoplankton in Sellered 
Se, which receives large amounts of purified sewage, has been deter- 
mined at 1300 g glucose per sq. m and year. A maximum of 9.5 g 
per sq. m is reached per day. It is shown that the yearly production 
in a lake of this type presumably cannot be considerably greater as 
through the consumption of carbon dioxide pH will increase to such 
a degree that this factor becomes injurious to the plankton algae. The 
uptake of CO, from the atmosphere whereby pH is lowered thus is 
- the real limiting factor for the production of organic matter in the lake. 
During the height of summer between 60 and 100 g CO, is absorbed 
from the atmosphere per sq. m surface per month. 
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Occurrence of Dinobryon crenulatum 

Wm. et G. S. West in some Danish 

ponds and remarks on its morphology, 
cyst formation, and ecology. 


By BERIT ASMUND 


Elsinore, Denmark 


For three years, 1946, 1947, and 1948, I have, about once every 
fortnight, taken samples with a view to plankton investigations from 
the surface water in four of the Hellebek ponds, Begholm Sg, 
Bondedam, Kobberdam and Sortesg, situated N.W. of Elsinore in 
northeastern Sealand. These ponds are small forest pools, the first 
three not over 3 m deep, Sorteso with a maximum depth of 6 m. 
Begholm Sg, Bondedam, and Kobberdam are brownish-watered, 
neutral or slightly alkaline pools, fairly rich in phytoplankton, while 
Sortess is more dark-watered, slightly acid and much poorer in 
ohytoplankton than the others. A more detailed description of the 
appearance and chemistry of the ponds, and of the methods of sam- 
ling and taking counts will appear later. 

Bogholm Sg, Bondedam, and Kobberdam contain a fairly rich 
Sopulation of Dinobryon species, particularly in the spring. I have 
‘ound seven species: 


Dinobryon bavaricum IMHOF 

Dinobryon crenulatum WM. et G. S. WEST 

Dinobryon cylindricum IMHOF var. alpinum BACHM. 
Dinobryon divergens IMHOF var. Schauinnslandu BRUNNTH. 
Dinobryon sertularia EHRB. 

Dinobryon sociale EHRB. 

Dinobryon suecicum LEMM. var. longispinum LEMM. 


In Sortesg I have never found other species than D. divergens. It 
ccurs here as 2 late summer form, occasionally with very considera- 
yle maxima in August.—September. The greatest maximum of all 
Yinobryon divergens maxima observed occurred in Sortesg. 
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Since the description of Dinobryon crenulatum by WM. and aS; 
West from the English lake district (1909 pp. 323—325) is incom- 
plete, I will give a closer account of it and its occurrence in the 
Hellebek ponds. 
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fig. I eae) fig. 3 fig. 4 fig. 5 fig. 6 fig. 7 


Fig. 1. Solitary individual of Dinobryon 
crenulatum. 

Fig. 2. Colony of 2 individuals. 

Fig. 3-6. Various stages of cyst and en- 
velope. 


Fig. 7. Envelope with cyst. 


Fig. 8-9. Anomalous cyst formation. 


fig. 8 fig. 9 

According to WM. and G. S. West Dinobryon crenulatum differs 
from all the known species of Dinobryon in its completely crenulate 
wall from base to apex. The Wests do not mention the cell content, 
they have not observed cysts and they have only seen solitary indi- 
viduals. The appearance of the specimens found in the Hellebek 
ponds is shown in figs. 1—9. The completely undulate wall is seen. 
The undulation is most marked at the transition between the base and 
the upper part of the receptacle. The latter is subcylindrical, tapering 
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somewhat towards the slightly dilated mouth. The base of the re- 
ceptacle is cut off obliquely in front, at the posterior end it is pro- 
duced into a spine. Length of receptacle without spine 30—50 [ls 
breadth at the broadest part 8—10 ju, length of the spine 3—8 w. The 
receptacles of the Hellebek individuals vary more in size and form 
than the individuals described by the Wests. They may be longer 
and more slender with a long spine (fig. 2), or shorter and broader 
with a short spine (fig. 1). The latter form especially occurs in the 
summer maxima of July, and it is this form which corresponds most 
closely to the individuals described by the Wests. In the Hellebek 
ponds the cells of Dinobryon crenulatum are most frequently soli- 
tary, though they appear, by no means rarely, in small colonies of 
two or three cells fastened together in the same way as in all other 
Dinobryon species. The protoplast is oval, broadly rounded at the 
posterior end, tapering somewhat obliquely in front and attached 
to the base of the receptacle in the usual way by a plasma stalk. It lies 
well withdrawn into the receptacle, extending some way into the base 
of it. There are two parietal chromatophores, a larger anterior one 
with a somewhat obliquely produced point, and a smaller posterior 
one. There is one apical eyespot. The chromatophores are greenish 
brown. The posterior part of the protoplast is taken up by a large 
leucosin grain. Two cilia issue from the protoplast, a longer one pro- 
jecting by half its length outside the receptacle, and a shorter one 
projecting slightly outside the receptacle. 

Cyst formation occurs nearly every spring in the Hellebek ponds. 
In July, no cyst formation has been observed. The cyst (figs. 5—7) 
is usually spherical, about 10 w in diameter, with a collar 3—5 yu long, 
turned towards the receptacle. The collar is wider at the mouth than 
at the base. In the spring of 1951 all the cysts were more short- 
collared than previously observed, the collar not being much longer 
than that of the cysts of Dinobryon divergens which at the same time 
had a large maximum with a rich formation of cysts. As usual the 
cyst formation takes place a little way outside the receptacle, and the 
cyst is surrounded by an envelope of a very peculiar appearance 
(figs. 3—7). At the beginning of the cyst formation, before the wall 
of the cyst has become silicified, the envelope looks almost like a 
copy of the receptacle itself, with its mouth inserted in the latter, 
and extending into the receptacle almost as far as the transition be- 
tween base and upper part (fig. 3). That part of the envelope which 
protudes outside the receptacle is, however, a little less undulate 
and somewhat expanded where the cyst is attached. The undulations 
inside the receptacle approximately follow the wall of the receptacle, 
except in one place where the envelope bulges towards the interior of 
the receptacle (figs. 3, 5). Gradually as the cyst grows older, the enve- 
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lope changes its appearance, it becomes narrower and more smooth, 
and an opening is seen in the anterior end which is now long and 
narrow (fig. 4). This part of the envelope gradually shrinks more and 
more (fig. 5) and in the end the envelope may become a short smooth- 
walled cone with a small anterior opening (fig. 6). Twice, in April 1951 
and in May 1951, I found a rather divergent cyst formation (figs. 8, 9). 
In these two individuals the envelope had a more generally rounded 
form differing entirely from that of the other cysts, and the cysts were 
oval. In one instance the cyst formation had taken place quite ab- 
normally inside the receptacle (fig. 9). The material of these cysts 
are too scarce to allow any conclusions on the cause of this deviating 
cyst formation. It might be a variety of Dinobryon crenulatum or it 
might be another kind of reproduction. 

When I first observed the formation of the cyst in Dinobryon 
crenulatum I thought I was here concerned with an isogametic sexual 
reproduction believing the envelope of the cyst to be an individual 
which had crept into another individual, with an ensuing fusion of the 
protoplasts, the formation of a silicious wall round the zygote, and a 
succeeding reduction of the envelope of the individual which had 
entered. I have, however, never been able to observe anything to 
indicate that a zygote formation has taken place. The position of the 
cyst and the envelope and the orientation of the cyst, with the axis 
running through the collar in the longitudinal direction of the recep- 
tacle correspond exactly to the position and orientation in other 
Dinobryon species. By means of carmine acetic acid I have found 
that there is only one nucleus in the cysts, but this of course does 
not exclude the possibility that the cyst is a zygote in which the two 
nuclei have already fused. As neither envelope nor receptacle have 
shown cellulose reaction with the usual tests I have neither in this 
way been able to find out if the cysts are of asexual or sexual origin. 
If the latter is the case, the above mentioned diverging cysts might 
be the result of an asexual reproduction. Skuja (1950) has described 
the first authentic case of zygote formation in the genus Dinobryon, 
namely by Dinobryon Borger LEMM., but here the gametes merely 
place themselves mouth to mouth, adhering together by means of the 
long cilia, whereupon the protoplasts issue and become fused. The 
cyst-like zygote is orientated athwart the longitudinal axis of the 
receptacle, while the ordinary cysts have the collar in the longitudinal 
direction of the receptacles. 

PASCHER (1913) does not mention Dinobryon crenulatum, whereas 
under the section Dinobryopsis there is a reference to a new species: 
Dinobryon acuminatum RUTTNER, which seems to be closely related 
to or perhaps identical with Dinobryon crenulatum. It is, however, less 
undulate and somewhat slenderer. The cyst is identical with that of 
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Dinobryon crenulatum. The cyst envelope resembles the final stage 
of the envelope of Dinobryon crenulatum.. 


Table r. 


rey of the distribution of Dinobryon crenulatum and Dinobryon divergens in 1946, 1947, and 1948. Samples 


- been collected every fortnight, but only the dates on which the organisms have been found are given in 
table. 


eans that the species concerned were found in samples from the date in question, 


but not on the counting 
. The figures denote number of cells per ml. 


Dinobryon crenulatum 


: 


ear 1946 

Dates 26/4 8/5 22/5 6/6 20/6 7/7 19/7 | 14/8 | 31/8 | 17/9 | 6/10 
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| | 
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| 
| | | 
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Dinobryon divergens 


LO ew’ ev 


agholm 215 5 335 325 35 
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KRIEGER (1930) only mentions the forms belonging to Eudinobryon ~ 
and as Dinobryon crenulatum, according to WM. and G. S. WEST’s — 
description, must be classed among the group of Dinobryopsis that 
does not form colonies, he has no reason to include it in his mono- 
graph. Since it has now turned out that Dinobryon crenulatum may 
form colonies it must in future be classed with Eudinobryon. 

HuBER-PESTALOZZI (1941) does not mention Dinobryon crenulatum. 

As previously stated, Dinobryon crenulatum was found in Begholm 
Seg, Bondedam, and Kobberdam, but never in Sortesg. Its occurrence 
in the years 1946—1948 as well as that of Dinobryon divergens will 
appear from the survey in table 1 and from fig. 10—13. 
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Fig. 10. Distribution of Dinobryon crenulatum----and Dinobryon divergens 


in Bogholm Se 1946, 47 and 48. 


The table also shows the temperatures at the surface of the water 
measured during the sampling. Unfortunately I have only these 
temperatures for 1947 and 1948, so I have also given the mean 
temperatures of the air for the three years. The differences between 
the water temperatures in the various ponds are so small that they 
disappear when the figures are rounded off. As a further illustration 
of the temperature conditions table 2 gives the monthly average 
temperatures for January—July. 
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Table 2. 


The monthly average temperatures for January—July 1946—48. 
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. Distribution of Dinobryon crenulatum ---- and Dinobryon diver- 


I 
in Bondedam 1946, 47 and 48. 


La 


‘ig. 
gens 
As will be seen from table 1, Dinobryon crenulatum appears in 


ather small numbers. Its maxima normally occur in the spring at 
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water temperatures of about 11°—16°; on one occasion, in Bogholm 
So in 1946, there is a more considerable summer maximum in July. 
In 1948 there are small maxima in July in Bondedam and Kobber- 
dam. Hence other conditions being suitable, it will tolerate higher 
temperatures than spring temperatures. Cyst formation has never 
been observed during the summer maxima. The maxima are of 
rather short duration, but as the samples were taken at intervals of 
about a fortnight, it may of course very well be the case that the 
highest peaks of the maxima are not observed at all. Since it evi- 
dently does not thrive well at temperatures much below 11 » It 
appears when the large Dinobryon cylin dricum maximum of the spring 
is decreasing. Often its maxima coincide with those of Dinobryon 
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Fig. 12. Distribution of Dinobryon crenulatum - - --and Dinobryon divergens 
in Kobberdam 1946, 47 and 48. 


divergens. That it does not require altogether the same conditions as 
Dinobryon divergens will be seen from the fact that in 1946, and 
especially in 1948, there were large August maxima of Dinobryon 
divergens in Sortes@, whereas no trace of Dinobryon crenulatum was 
ever found in this pool. Bondedam had its largest maximum of 
Dinobryon divergens in May 1947, the year when Dinobryon crenu- 
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latum was rarely found here. On the other hand, Kobberdam had its 
largest population of Dinobryon crenulatum in the spring of 1948, 
at which time Dinobryon divergens was very rare. Thus it would 
seem that conditions which more particularly favour a development 
of Dinobryon divergens inhibit Dinobryon crenulatum, while con- 
ditions that particularly inhibit Dinobryon divergens may be favour- 
able, though they are not always so, to Dinobryon crenulatum. The 
unusually cold spring in 1947 may have inhibited Dinobryon crenu- 
latum, but have favoured Dinobryon divergens, perhaps by dimi- 
nishing the competition from the organisms, which are more sensi- 
tive to low temperatures than Dinobryon divergens. The particularly 
mild spring in 1948 with the consequent early appearance of the 
maxima of Dinobryon crenulatum in Kobberdam and Bondedam may 
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Fig. 13. Distribution of Dinobryon divergens in Sorteso 1946 and 48. 
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be the cause of the especially large maxima that spring. The extre- 
mely cold spring in 1947 was followed by an unusually warm and dry 
summer. The very shallow Bogholm Se was almost totally desiccated; 
the plankton was quite abnormal with few species and individuals 
even in 1948 and no Dinobryon crenulatum was found in July 1947 
and 1948. 

Some examples of the plankton communities in which Dinobryon 
crenulatum is found are given in table 3. The figures denote number 
of cells per cm® where it is not expressly stated that it is colonies, 
filaments, trichomes, or coenobia that have been counted. The 
numbers are only given for the more frequently occurring species 
among which I have somewhat arbitrarily included those that occur 
in a number of twenty and upwards per cm. The more rare species 
are marked by +. 

The plankton lists do not claim to be complete, the determinations 
being carried out on fixed material. Many small delicate flagellates 
were therefore not recognizable and are not listed. I have not been 
able to identify all species, some genera such as Chlamydomonas 
and Cryptomonas, are not dealt with at all, but undetermined species 
of more important taxonomic groups are listed in order to make it 
possible to count the number of species of these groups. 

A survey of the three most frequent species of the plankton 
communities in which Dinobryon crenulatum occurs is given be- 
low; the numeros are the same as in table 3: 

Sample No. 1 Melosira granulata var. angustissima, Dinobryon di- 
vergens var. Schauinnslandu, Ankistrodesmus con- 
volutus var. minutus. 


er No. 2 Ankistrodesmus falcatus var. setiformis f. brevis, Dino- 
bryon divergens var. Schauinnslandit, Cyclotella 
stelligera. 

Ss No. 3 Cryptomonas sp., Uroglena americana, Synura 
Petersenit. 

a No. 4 Synura Petersentt, Synura sphagnicola, Synura 
spinosa. 


_ No. 5 Synura Petersenti, Synura spinosa, Synedra acus 
var. delicatissima. 

+ No. 6 Closterium gracile, Ankistrodesmus falcatus var. 
setiformis f. brevis, Chrysococcus porifer. 

oe No. 7 Ankistrodesmus falcatus var. setiformis f. brevis, 
Synedra acus, Cryptomonas sp. 

5 No. 8 Synedra acus var. delicatissima, Ankistrodesmus fal- 
catus var. mirabilis f. dulcis. 

a No. 9 Microcystis holsatica, Ankistrodesmus falcatus var. 
spirillifornus, Crucigenia tetrapedia. 
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Table 4 gives a survey of the number of frequent species, i.e. 20 
and upwards, per cm® of some important taxonomic groups, partly 
on the same dates as in table 3, partly on dates when Dinobryon 


crenulatum owing to temperature and date might be expected to be 
present, but was not observed. 


Table 4. 


Survey of number of frequent species (20 and upwards pr. cm?) of the most 
important taxonomic groups, and the total number of species observed. The 
numeros I—9g are the same as in table 3, the numeros 10—18 are samples 
in which Dinodryon crenulatum according to date and temperature might be 
present, but was not found. 
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Desmidieae fo) fe) fe) fo) fe) 2 
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From table 3 and 4 and from the list of the three most frequent 
associates it will be seen that Dinobryon crenulatum occurs in asso- 
ciations of flagellates, diatoms and chlorococcales. Some of the most 
constant associates (NYGAARD 1949, p. 4) are Cryptomonas species, 
Dinobryon species, Melosira ambigua, Synedra acus, Ankistrodesmus 
falcatus var. setiformis f. brevis, Crucigenia minima, and Scenedesmus 
setiferus. There is a conspicuous difference in number of species be- 
‘tween the samples containing Dinobryon crenulatum and the samples 
in which it, according to temperature and date, might be present, but is 
not found. The latter are much poorer in organisms with the exception 
of the samples Nos. 15 and 16. In these July samples there is a great 
development of Aphanizomenon flos aquae, whereas the July samples 
with Dinobryon crenulatum are almost without Aphanizomenon flos 
aquae. Thus conditions which favour Aphanizomenon flos aguae may 
inhibit Dinobryon crenulatum. 


Table 5. 


Water analyses. The analyses are made at the end of the months. The figures 
denote mg per litre. 


* Le | HCO; | 804 es NOs— | POg——— | Gee 
| . ] 
Bogholm April 1948 | 44 | 52 | 23 9 o altige 
| Bondedam April 19480161), 41 9) 24) 85 fe) | 327 an 
_Kobberdam April 1948 530s ogee 25 dives | fo) 30 || 
|Bondedam July 1948 Taye Oi) ety 26 | 4.5 fe) 31 
Kobberdam July 1948 61 | 43 DOM ane lO fo) 32 | 
i ee 
| i ee =F N 4 K w | O2 | SiO | 
y | a == | ~ 102 | 
Mg | Nie calculated as Na | aoe | : 
Bogholm April 1948 | 4.8 | 0.2 16 28:6 eal LO | 
-|Bondedam April 1948) 5.5 | 0.15 19 20.0 | 4.6 
Kobberdam April1948| 3.7 Trace 17 18:3, | wees 
Bondedam July 1948; 4.0 | 0.15 21 | ger || egal 
Kobberdam July 1948| 4.1 | 0.10 22 anti a2 | 


Some data of the ecology of Dinobryon crenulatum are given in 
table 5. The analyses are from 1948. No analyses were made in 1946 
and 1947. Only analyses from the months and localities with Dino- 
bryon crenulatum are given. 

Some measurements of the hydrogen-ion concentration showed the 
following values of pH; Bogholm So 27.-7.-48: 7, Bondedam 29.-7.- 
48: 7.4, Kobberdam 29.-7,-48: 7.3. As mentioned above all the ponds 
are brownish-watered. 
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Judging from the occurrence of Dinobryon crenulatum in the Helle- 
bek ponds it must be said that Dinobryon crenulatum is a meso- to 
polythermic (NYGAARD 1949, p. 4) spring and early summer form 
with a euthrophic tendency. 

Mr. GUNNAR NyGaAarD, M.Sc., whom I thank for assisting me in 
determining Dinobryon crenulatum and for reading this paper, has 
recently shown me some drawings of Dinobryon crenulatum (fig. 14) 
found by him on March 6th 1931 in Madum Sg, a lake, 8 m deep, 
situated in North East Jutland. The hydrochemical data of this lake 
on the date in question are (NYGAARD 1938, p. 685): pH 4.9, 2.4 mg/l 
CaO, consumption of KMnQ,, 6.3 mg/l, 0.01 mg/l iron, 0mg/1 PO,—P, 
0.15 mg/l NH,;—N, 0.11 mg/l NO,—N. The lake was covered with 
ice. Thus it is evident that Dinobryon crenulatum may tolerate 
non-calcarous, rather acid and extremely clear water, and very low 
temperatures, but as nothing is known about the amount of the alga 
and its seasonal variations in Madum Seg it is impossible to decide 
how well it is thriving in this lake. 


Fig. 14. 
Dinobryon crenulatum from Madum Se. 1000 x. Long. 
32—34 uw, lat. max. 9—IO uw. 
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Some new diatoms from Blakeney Point 
(Norfolk) 


by 
M. M. SALAH. 


University College, London; and Institute of Hydrobiology, 
Alexandria, Egypt. 


In the course of researches on the microscopic algae of the salt- 
marshes at Blakeney Point, Norfolk, England, new species of dia- 
toms have been found. Some of these are described below; others will 
be described later, together with a new method for cleaning soil 
diatoms. 

The area examined (see OLIVER and SALISBURY (1913)) can be 
roughly divided into 4 regions: 


1. Lower marginal zone of the marsh (Station 5). 
2. Higher zone of the marsh (Station 1, 2, 4). 

3. Upper zone of the marsh (Station 6, 7, 8). 

4. Spray zone (Station 3). 


The various stations are shown in the map (pl. II). 


DESCRIPTION of New Species and Varieties 


Type-specimens of all the following are lodged in the herbarium 
of the British Museum (Natural History) London. 


1. Eunotogramma rectum SALAH nov. spec. (pl. I, fig. 1—8) 

Frustulis simplicibus, a cinguli facie visis subrectangularibus; 
valvis 8—22 mw longis, 2—3 wu latis, linearibus, 2—7 pseudoseptis ad 
quae fortiter sunt constrictae; area valvae centrali marginibus pa- 
rallelis, aliquando concavis; superficie hyalina; apicibus acutis vel 
rostrato capitatis. 

This species is distinguished from all the others by its straight 
valves. E. dubium, recently described by Hustepr (1939, p. 593; 
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fig. 8—10) from the North German Coast, is the only other species 
with hyaline valves, but E. rectum differs in the absence of curvature, 
in the large numbers of pseudosepta found in some specimens (only 
2—4 in E. dubium), and in the strong constriction at the pseudo- 
septa. Although there is a wide range of variation in the shape of the 
valve, there are no well-defined varieties as the different types grade 
into one another and occur in the same habitat. 

E. rectum is one of the commonest diatoms on the marsh, being 
found all the year round in the lower marginal zone, where it be- 
comes very abundant during spring and autumn. It has also been met 
with elsewhere, especially near the creek and its tributaries. The 
wide range of level and the region of greatest abundance show that 
the species should be classed as mesohalobous and euryhaline. 


2. Anaulus uniseptatus SALAH nov. spec. (pl. I, fig. 9) 

Valvis late vel anguste lanceolatis, polis obtusis rotundatis, axe 
apicali 5—19 w, transapicali 3.5—5 ww; ad polos habentibus processus 
parvos ocellatos paene semicirculos leviterque super superficiem in 
alternis valvae lateribus sublatos; superficie valvae septo transverso 
succurvo dimidiata. 

This Anaulus is peculiar in possessing a single transverse septum, 
whereas there are two or more in the other species of the genus. It is 
frequent in the lower marginal zone throughout the year. Its restric- 
tion to the neap-tide zone of the marsh, where the salinity approxi- 
mates to that of the sea, shows that it should be classed as euhalobous. 


3. Plagiogramma sigmoideum SALAH nov. spec. (pl. I, fig. 10—13) 

Valvis brevibus, leviter in medio convexis, polis obtusis plerumque 
sigmatis modo curvis, 6—12 w longis, 3—4 wu latis; dimidiatis spatio 
hyalino plerumque circulari subovato, valvae marginem attingente 
spatiumque linquente; punctis subtilibus per superficiei partem 
alteram sparsis; ad apices spatiis hyalines angustissimis. 

This curious species of Plagiogramma is characterised by its deli- 
cate structure, as well as by the short valves with the extremities 
slightly bent in opposite directions. It shows certain similarities to 
P. leve (Greg.) Ralfs (PRITCHARD, 1861, p. 775 fig. 637) in which the 
valves have a similar central hyaline space, but my species is distin- 
guished by its sigmoid shape and the irregular disposition of the 
puncta over the surface. 

P. sigmoideum is very common on the spit and is not restricted 
to any one season. It shows a wide vertical range, although in gen- 
eral more abundant in the lower marginal zone than in the higher 
regions of the marsh. It is to be classed mesohalobous and eur yhaline. 
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4. Plagiogramma parallelum SALAH nov. spec. (pl. I, fig. 14) 

Valvis brevibus, lateribus parallelis, apicibus latis rotundatis; 
longis 8—10 uw, 5—6 wu latis; area centrali lata, plerumque dimidia 
valvae parte maiore; striis c. 16—18 in 10 «, subtiliter punctatis, in 
ordinibus curvis moniliformibus dispositis; pseudoraphe nulla; 
area terminal: indistincta. 

This differs from the other species of the genus in its peculiar 
valves, which are short and broad with parallel sides and blunt 
extremities, and have a broad central area. 

P. parallelum occurs sporadically and never in any considerable 
numbers in collections from near mean high water of neap-tides. 
Position in the halobion system; euhalobous? 


5. Plagiogramma minimum SALAH nov. spec. (pl. I, fig. 15). 

Species plerumque parvula cuius singula 6—14 w longa, 2.5—3 u 
lata; valvus lanceolatis vel oblongolanceolatis, leviter in medio 
constrictis, apicibus subrotundatis, septo augusto transverso hyalino 
dimidiatis et per duo segmenta ita facta punctis irregulariter dispo- 
sitis, nonnunquam sparsis; area hyalina mediana nulla, pseudoraphe 
nulla. 

This species shows some resemblance to P. Vanheurcku Grunow 
(in VAN HeEuRCK, 1880—5, pl. 36, fig. 4), but differs from it in the 
absence of the central robust pseudoseptum, of terminal pseudo- 
nodules, and of an indistinct pseudoraphe, as well as in the details 
of the markings. 

P. minimum is common and widely distributed throughout the 
marsh, being found at different levels and at all times of the year, 
although with a preference for the lower marginal zone. It is always 
found associated with P. sigmoideum SALAH, and is to be classed 
ecologically as mesohalobous and euryhaline. 


6. Plagiogramma brockamnni HustTEDT, var. elongatum SALAH nov. 
var. (pl. I, fig. 16) 

Valvis anguste ellipticis, leviter in medio convexis, ad apices versus 
rotundatos productos attenuatis; 30—40 yu longis, 3—4 B latis; 
area centrali elliptica; punctis irregulariter dispositis, aliquando 
sparsis; pseudonodulis terminalibus hyalinis subvatis; pseudoraphe 
nulla. 

The variety differs from the type (cf. Hustept 1939, jays os ay fig. Le 
12) in the shape of the valve, which is longer with produced apices, 
and in the irregular arrangement of the puncta. 

No intermediate forms connecting the variety with the species 
have been observed, both occur in gatherings from the lower mar- 
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ginal zone of the marsh, but the type is found in greater numbers 
than the variety. 


7. Campylosira alexandrica SALAH nov. spec. (pl. I, fig. 14). 

Valvis semicirculatis, 8—12  longis (raro longioribus), 5.5—6.5 yu 
latis; margine ventrali recto, dorsali maxime convexo; apicibus 
plerumque productis; superficie valvae punctis rudibus 11 in 10 yu 
tecta, in medio distantioribus quam ea quae prope marginem sunt 
invenienda, aliquanto irregulariter discussatis; area hyalina a medio 
margine dorsali pinctorum ordine singulari separata. 

The genus Campylosira, established by GRUNOW in 1882, com- 
prises one recent (C. cymbelliformis GRUNOW in VAN HEURCK 1880— 
5) and two fossil species (C. japonica TEMP & BRUN 1889 and C. 
Peragalli HERIBAUD, 1902). The new species is distinguished by the 
outline of its valves, which are broader and have blunter extremities, 
by the dorsal position of the hyaline area, and by the somewhat 
decussate puncta. HusTepT (1939) has figured a diatom from the 
North German Coast which resembles that found at Blakeney, except 
that the valve is longer (20 wu long and 9 uw broad) with attenuated 
apices which are curved ventrally and not straight. He considers it 
to belong to C. cymbelliformis GRUNOW, but it is clear from his figure 
that it should be combined with the Blakeney C. alexandrica. 

C. alexandrica found especially near mean high water, neap tides, 
where it is common during spring and early autumn. It is, however, 
widely distributed on the marsh and should be classed as meso- 
halobous. 


8. Cymatosira elhiptica SALAH nov. spec. (pl. I, fig. 18—21). 

Valuis ellipticis, quarum breviores pro portione latiores, aliquando 
fere circulares, minimae aliquando asymmetricae unum marginem 
concaviorem quam alii habentes; apicibus plerumque late rotundatis, 
et in formis asymmetricis apiculatis; valvis brevibus 6—8  longis, latis. 
4.5—6 ww; superficie valvae punctis rudibus c. 10 in 10 w tecta, ple- 
rumque in ordinibus longitudinalibus duobus margini parallelis 
currentibus; pseudoraphe ovali vel rotundata; area centrali aliquando 
irregulari. 

Although the longer specimens show some resemblance to C. 
belgica GRUNOW, which is 18—30 yu long and 3.0—4.5 « broad (cf 
GRUNOW in VAN HEuRCK 1180—5, PERAGALLO 1897—1908 and 
HustTEDT 1937) they are always shorter and broader and with rounded 
apices; further the puncta are wider apart in C. edliptica than in C. 
belgica. In the coarseness of the puncta, this species slightly resembles 
C. curvata CLEVE—EULER (1949, p. 12, fig. 13) which differs in the 
complete absence of a central area and in the shape of the valves, 
which are curved like a Eunotia or a Campylosira. 
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C. elliptica is fairly common in the lower marginal zone of the 
marsh, particularly in the early spring and late summer. It is also 
found in rather large numbers in the areas along the creek. 


9. Achnanthes linke: Hustevt. f. minor SaLaH nov. f. (pl. II, fig. 1) 
Valvis rhombo-lanceolatis, polis obtusis, 14—20 w longis, 6—8 lu 
latis; striis subtilissimis c. 14—16 in 10 uw. 
This forma differs from the type in its smaller size and finer 
striae. It is very common on the mud flats, with maximum abun- 
dance in early autumn. Position in the halobion system: euhalobous. 


10. Rhoicosphenta stauroneiformis SALAH nov. spec. (pl. II, fig. 2—3) 

Frustulis a cinguli latere visis curvis, septis et ligaminibus inter- 
calaribus; valvis clavatis dissimilibus, 10—16 yw longis, 3—4 w latis; 
valva superiore (sine raphe) pseudoraphen angustam, sed aream 
centralem nullam, habenti; striis fere parallelis, 12—14 in 10y; 
valva inferiore (raphem habenti) circum axem transversum asymme- 
trica, leviter in medio constricta, apice superiore obtuso leviterque 
producto, basi attenuata angusta; area axiali distincta; area centrah 
in fascias stauroides dilata margines attingentes; spatizs terminalibus 
latis hyalinis que; mea mediana recta, non apices attingente, ad 
nodulos centrales terminalesque crassiore; ports centralibus fere 
adiacentibus; strits validis c. 10 in 10 w, fortiter in medio radiatis et in 
polos in unum vergentibus. 

This is distinguished from other species of the genus by its coarser 
striae and by the shape of the valves, which are slightly constricted 
with a marked stauroid fascia. It cocurs sporadically in the lower 
marginal zone of the marsh, usually favouring protected situations, 
Position in the halobion system: euhalobous. 


11. Frustulia directa SALAH. nov. spec. (pl. II, fig. 4). 

Valvis angustis, lateribus parallelis, latitudine per longitudinem 
otam constanti, apicibus rotundatis, 32 longis, 4.5 w latis; linea 
mediana costis duabus angustis siliceis latitudinem constantem haben- 
tibus saepta; raphes ramis rectis; nodulis terminalibus parvis; nodulo 
centrali angusto rectangulari; striis subtiliter punctatis, centralibus 
quam aliae prope apices (30 in 10 ) paulo minus crassioribus (28 in 
10 ~), leviter in medio radiatis et ad apices convergentibus; striis 
longitudinalibus rectis, 30 in 10 wu. 

This differs from other species of the genus by showing no de- 
crease in width of the valves towards the apices. Only a few specimens 
have been found in gatherings from the lower marginal zone of the 


marsh. 
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12. Frustulia oliveri SALAH. nov. spec. (pl. I, fig. 22) 

Valvis lineari-lanceolatis, polis obtusis, in medio saepe inflatione 
ad margines versus uno in latere facta; longis 23—34 , 6—7 ju latis; 
striis delicatis, subtilissime punctatis, leviter in medio radiatis, ad 
apices convergentibus; plerumque 26—8 in 10 p, medialibus paulo 
minus frequentibus, frequentioribus circum polos ad 30 in 10 uw; 
circum centralis noduli marginem in uno valvae latere quam in altero 
brevioribus, plerumque parallelis vel leviter radiatis; nodulis termi- 
nalibus paulo distantibus a margine apicali; nodulo central lato, forma 
asymmetrica, et in uno valvae latere dilato; raphe non recta; ports 
centralibus aliquanto distantibus quorum singuli scissuram trans- 
versum in idem valvae latus vergentem habent. 

This species resembles F. hawaiensis HusTeDT (1942b, p. 47, fig. 
67) and F. weinholdi Hustept (1937—1939, p. 731, fig. 1101) in the 
presence of transverse slits. The non-rostrate apices and the finer 
striae distinguish it from the former which has 23 striae in 10 p. 
It differs also from the latter in the size and outline of the valve, 
in the shape of the central nodule, and especially in the distinctly 
coarser striae. 

It is common in the gatherings from Great Sandy Low, but scarce 
in other localities, though it becomes exceedingly abundant and 
dominant in station 8. Position in the halobion system? 

The species is named after PRor. F. W. OLIVER. 


13. Diploneis pearsalli SALAH. nov. spec. (pl. I, fig. 23). 

Valvis latis, lateribus parallelis, apicibus rotundatis, 26—61 wu 
longis, 16—19 w latis; nodulis terminalibus magnis, ab apicibus 
distantibus; modulo centrali plerumque magno, rectis cornibus; 
sulcibus admodum latis, spatii marginibus suis exterioribus inclusi 
tertiam quartamve partem includentibus, parallelis, non dilatis ad- 
versus nodulum centralem, ordinem ocellorum magnorum habenti- 
bus; costis 7—8 in 10 w, leviter radiatis, quarum omnes, 3—4 centrali- 
bus exceptis, lineam marginalem longitudinalem transversum habent, 
et cum ordinibus alveolorum distinctorum duplicibus alterant. 

This Diphoneis is distuinguished by a marginal longitudinal 
line, crossing the costae except the 3 or 4 median ones. The latter 
lack the alternating double rows of alveoli which occur between 
the others. 

D. pearsall is one of the most frequent representatives of the genus 
at Blakeney Point. Although never recorded from above mean high- 
water of neap-tides, it becomes an important diatom in station 5. It 
is found at most times of the year, and being most abundant in 
early spring. Position in the halobion system-: euhalobous. 

The species is named after PRor. W. H. PEARSALL F. R. S. 
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MAP SHOWING THE SITUATION OF STATIONS 
STUDIED IN BLAKENEY POINT; NORFOLK. 
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14. Stauroneis flexuosa SALAH. nov. spec. (pl. II fig. 5). 

Valvis linearibus, polis leviter rostrato-truncatis, marginibus 
plerumque parallelis; nonnumquam in medio inflatis, 32—38 yu 
longis, 7—8 yw latis; striis 12—14 in 10 w, omnino radiatis, nonnun- 
quam curvis, quarum centrales distantiores quam apicales; punctis 
tectis subtilibus et usque ad apices fere inveniendis; raphe leviter 
flexuosa, ramis in area centrali ad unum valvae latus vergentibus; 
area axiali angusta; area centrali transverse dilata in angustrum 
stauron usque ad marginem vergentem ubi paulo latius fit et valvae 
longitidunis partem sextam vel paulo minus occupat; /ineae medianae 
fissurae terminales uncae sunt et eodem spectant; sepfis in troque 
valvae polo ad interiorem partem usque ad rostrati apicis basim 
proiectis. 

The presence of a septum places this species in the subgenus 
Pleurostauron. A similar septum is found in certain Naviculae e.g. N. 
ruttnert HUSTEDT. The new species is nearest in shape to S. ignorata 
HustTepT (1939) and S. minutula HusTeDT (1937—1938), but these 
have much denser striae and a straight raphe. Moreover, it resembles 
S. borrichi var subcapitata (BOYE PETERSEN) Lund (1946, p. 64, fig. 
3A, B) in the arrangement of the striae, but the latter is distinguished 
by its peculiar terminal nodules, which are free of markings. 

S. flexuosa is restricted to station 6, where it is very common. It 
probably has a preference for the upper and drier parts which are 
not disturbed by tidal action. Position in the halobion system: 
oligohalobous. 


15. Navicula rossit SALAH. nov. spec. (pl. I, fig. 24). 

Valvis lineari-lanceolatis, ad polos subacutis, plerumque 19—26 
 longis, raro 14—35 w, latitudine fere constanti c. 3 1; raphe recta, 
filo simili, poris centralibus adiacentibus, fissuris terminalibus in- 
distinctis; area axial angustissima; striis 26—28 in 10 uw, in medio 
parallelis, ad apices leviter convergentibus, ad apicem axialem ex- 
stantioribus et crassioribus quam ad valvae marginem; in uno valvae 
latere interruptis; in altero, stria invenienda singulari, spatium in 
utroque latere multo latius habente quam aliae striae; /inea pura vel 
languida, depressione in valvae superficie, ut videt, facta, ad am- 
barum partium iuncturam et per totam valvae longitudinem inve- 
nienda. 

This belongs to the Orthostichae of CLEVE and seems to be nearest 
to N. kryokonites var semiperfecta CLEVE (1883, p. 473, pl. 37, fig. 45) 
which has a vague unilateral central area. The new species is distin- 
guished by the orientation of the striae on the two sides of the valve. 
It is one of the most widespread species on the marsh, occurring on 
a variety of substrata, although usually more conspicuous in the 
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higher intermediate zone. It tolerates a wide range of habitats be- 
tween high water of neap and spring tides and is to be classed as 
-mesohalobous and euryhaline. 

The species is named after Mr. R. Ross. 


16. Navicula aegyptiaca SALAH. nov. spec. (pl. II, fig. 17). 

Valvis ellipticis, polis latis rotundatis, aliquando in medio leviter 
conscrictis, 12—20 uw longis, 5.5—8 w latis; areis lateralibus duabus in 
utroque medianae lineae latere area centrali in unum vergentibus; 
in medio constrictis, ad polos convergentibus; striis c. 14—16 in 10 yw, 
radiatis, apicalibus exceptis quae convergunt; duabus lineis longi- 
tudinalibus transversis; punctorum ordine singulari, ad nodulum 
centralem interrupto, secundum raphes latera ambo; raphe leviter 
silicea, non apices attingente, poris centralibus aiacentibus. 

This resembles N. auriculata HusteptT (1944, p. 273, fig. 4) and 
N. dissipata HusTEDT (in A. ScHmiIpT, Atl. pl. 403, fig. 7—8), being 
closer to the former which, according to HusTept, differs from the 
latter in having narrower valves. Both HUSTEDT’s species are dis- 
tinguished from mine by the single longitudinal line traversing the 
finer striae and by the fact that the central pores are further apart. 

N. aegyptiaca is frequent in the lower marginal zone of the marsh, 
though not sharply limited to this region. It is sometimes found in 
quantity at varying places along the creek, but mostly from about 
mean high water level. It appears therefore that it should be classed 
as mesohalobous. 


17. Navicula samrai SALAH. nov. spec. (pl. II, fig. 7) 

Vailvis late lanceolatis, polis subrostratis, 22—25 w longis, 11—12 u 

latis; areis lateralibus magnis, lunatis, ora exteriore indefinita punctis- 
que in lateribus aspersis; stri’s subtiliter punctatis 22—24 in 10 y, 
leviter radiantibus, leniter in polos curvis; area axiali angusta, 
striarum ordine singulari angusto finita non interrupto adversus 
nodulum centralem, ubi tamen striae breviores sunt quam ad apices; 
linea mediana raphe recta, ad nodulos centrales terminalesque 
crassiore, fissura terminali aliquantum ab apicibus distante, baculi 
pastoralis modo flexuosa et versa in contraria valvae latera. 
- The terminal fissures bend towards opposite sides of the valve at 
either end. In the shape of the valve and the arrangement of the striae 
this species resembles N. concilans CLEVE (1895, p. 54, pl. 1, fig. 25) 
from which it is distinguished by its smaller size, its finer striae, 
and especially the peculiar form of its raphe. Only a few specimens 
were found. Position in the halobion system: euhalobous. 

The species is named after Dr. I. Samra, Director of the Institute 
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18. Navicula taylori SALAH nov. spec. (pl. I, fig. 25) 

Valvis angustis linearibus, in medio leviter convexis, apicibus 
abtusis rotundatis, 18—28 « longis, 3—4 w latis; raphe recta, filo 
simili, poris centralibus adiacentibus; area axiali distincta; area cen- 
trali magna, ad partes exteriores latiore; striis c. 12 in 10 w punctatis, 
leviter radiatis; striae tamen quae areae centrali sunt proximae partem 
brevem habent solam marginemque in altero, valvae latere ambo- 
busve non attingunt. 

This is distinguished from the other species of the section Lineo- 
latae CLEVE by the shape of the central area. N. diserta HUSTEDT 
(1939, p. 627, fig. 783—79) possesses similar striae, but differs from 
N. taylori in the smaller central area, and in the less radial striae, the 
single one opposite the central nodule being shortened and standing 
further from its neighbours. 

N. taylori is found at all times of the year in great quantity and 
may be dominant in the higher intermediate regions of the marsh 
(Stations 4, 2, 1). Though not infrequent, it is scarce in the other 
zones of the marsh. It should therefore probably be classed as meso- 
halobous (perhaps euryhaline). 

This species is named after Dr. G. TAYLOR. 


19. Navicula margino-ornata SALAH. nov. spec. (pl. I, fig. 26). 

Valvis brevibus, ellipticis ovalibus, apicibus rotundatis, 10—14 yu 
longis; 6—8 « latis; striis brevibus marginalibus, in media valva 
spatium lanceolatum latum hyalinum linquentibus, 18—20 in 10 y, 
non visibiliter punctatis; raphe in costa silicea valida, ab apicibus ad 
mediam valvam angusta, ad nodulum centralem subito angustissima; 
partibus dimidiis aliquantum arcuatis; paris centralibus aiacentibus. 

N. margino-ornata resembles N. obsidialis Hustepr (1942a, p. 
68, fig. 1—3) in form and size, as well as in the distribution of the 
striae, but differs markedly in the siliceous thickening of the raphe 
and the non-punctate striae. 

This uncommon diatom was met only on a few occasions near 
mean high water of neap-tides, and very rarely in the areas along the 
creek. 


20. Navicula finmarchica CLEVE et GRUNOW, var. acuta SALAH 
nove var (Piel fees). 

Valvis brevibus, late lanceolatis, apicibus acutis, 14—16 “ longis, 
6—8 w latis; nodulo centrali transverse in stauron brevem dilato; 
striis levibus, 16—18 in 10 “, omnino radiatis, area transversa angusta 
lateralim arcuata. 

This differs from the type in its shape, size and finer striae. 

(N. finmarchica is 30—42 w long and 11—13 u broad, and has 12— 
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14 striae in 10 w cf. Stauroneis finmarchica CLEveE & GRUNOW 1880, 
p. 47, pl. 3, fig. 63; and Navicula finmarchica (CLEVE & GRUNOW) 
CLEVE, 1895, p. 28). 

N. finmarchica is very common on the Arctic coasts of Europe; 
its only other record is that of Hustept (1939) from the North 
German Coast. The variety is fairly common in the lower marginal 
zone of the marsh, where it shows a maximum abundance in early 
autumn. 


21. Amphora sabyit SALAH. nov. spec. (pl. II, fig. 10). 

Frustulis ellipticis, leviter in medio constrictis, polis truncatis; 
valvis angustis c. 2—3 wu latis polis acutis, 6—15 wu longis; media parte 
constricta; raphe recta, crassitudine constanti, margini ventrali adia- 
cente; nodulis centralibus latis, transversae ad stauron latum dilatis; 
striis, ut videt, transversis delicatis in valvae latere dorsuali (centra- 
libus exceptis). 

Its extremely hyaline structure renders this species quite distinct 
from the others belonging to the subgenus Oxyamphora CLEVE. It is 
nearest to A levissima var. perminuta (GRUNOW) CLEVE (1895, p. 13; 
cf. Peragallo, 1897—1908, pl. 49, fig. 10), from which it is distinguish- 
ed by the delicate scarcely visible striae, the wider stauros, and 
the shorter valves which are constricted in the middle with acute 
apices. 

A. sabyii is one of the commonest diatoms at Blakeney Point. 
It has been found in different places, but mostly from near mean 
high tide mark. The wide range of level and the region of greatest 
abundance show that it is mesohalobous and euryhaline. 

The species is named after Dr. M. K. EL-Sasy, the former Direc- 
tor of The Marine Hydrobiological Station at Alexandria. 


22. Amphora ramsbottomi SaLau. nov. spec. (pl. I, fig. 21): 

Frustulis elliptico-lanceolatis, polis truncatis; zona divisionibus 
multis indistinctis longitudinalibus; valvis semi-lanceolatis, gradatim 
a medio ad polos versus angustos acutos fastigantibus; marginibus 
dorsalibus arcuatis, ventralibus rectis, 16—20 yu longis, 3—4 u latis ; 
raphe recta margini ventrali proxima; area axiali indistincta; nodulis 
terminalibus puris; striis in latere dorsuali c. 14 in 10 mw, non puncta- 
tis, paulo in medio distantioribus, omnino fere parallelis; latere ven- 
trali angustissima, marginalem punctorum ordinem singularem 
habenti. ; 

The shape of the velve slightly resembles that of A. acutiuscula 
Kz. (cf. CLEVE 1895 p. 121), which is larger (35—70 « L) and has 
more densely arranged striae (18—20 in 10 uw). In the arrangement and. 
density of striation, A. ramsbottomi approaches A. strigosa HUSTEDT 
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(1949, p. 44, fig. 30) which has valves of similar size and outline, 
but it is distinguished by its curved raphe, as well as by the broad 
axial area on the dorsal side of the valve. 

This diatom is rather uncommon; few specimens have been ob- 
tained from the lower marginal zone and occasionally along the creek 
between tide marks. The species is named after DR. J. RAMSBOTTOM. 


23. Amphora extensa SALAH. nov. spec. (pl. I, fig. 28). 

Frustulis angustis rectangularibus, leviter ad polos rostratos con- 
tractis, 53—80 wu longis; zona simplici sine divisionibus; valvis angus- 
tis 4—5 wu latis, marginibus dorsalibus levissimo arcuatis, ventrali- 
bus rectis, polis productis; area axiali angustissima; raphe filo simil1, 
lateri ventrali proxima, polis exstantioribus leviterque in latus dor- 
suale arcuatis; nodulo centrali elongato; striis non punctatis; in 
latere dorsuali c. 14 in 10 w, parallelis omnibus nisi quod ad apices 
convergunt; earum quae nodulum centralem finiunt una pluresve 
breviores quam aliae; ventralibus ex ordine punctorum singulari 
factis ad valvae marginem (extra centralis noduli aream) disposito- 
rum, plerumque quam dorsuales frequentioribus. 

This Amphora is characterised by its elongate slender outline. 
In girdle view, the frustule resembles that of A. arcta A. SCHMIDT 
(Atlas. pl. 26, fig. 63), but differs in size and the coarse striation 
(frustule hyaline in A. arcta.) 

A. extensa is common throughout the year in the lower marginal 
zone, where it shows a maximum abundance in early spring. It has 
not been found higher than the neap-tide zone and is to be classed 
as euhalobous. 


24. Amphora tropidoneioides SALAH. nov. spec. (pl. I, fig. 29). 

Valvis semi-lanceolatis, hyalinis, apicibus obtusis 16—20 y longis 
(raro ad 24 w) 3—3.5 w latis; area axiali angusta; raphe leviter ex- 
centrica, margini ventrali proxima; striis subtilissimis, non resolutis. 

This Amphora which is characterised by the membranous struc- 
ture of the valves is nearest to A. sabyii SALAH, but it is distinguished 
by the longer valves, which are not constricted in the middle, and 
by the absence of a stauros. It is frequent in the lower marginal zone 
of the marsh, to which it is confined. Position in the halobion system: 
euhalobous. 


25. Amphora cingulata Cl. var. hyalina SALAH nov. var. (pl. I, fig. 30). 

Valvis rectangularibus, polis rotundatis, 34—40 yu longis, 6—7.5 lu 
latis; raphe curva, in media valva vergenti ad ventralem marginem, 
ubi stauros est angustus; striis subtilissimis, non resolutis, paene 
invisibilibus. 
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This differs in not only reaching the minimum size of the type 
(65 w cf. Peragallo) but also in the nearly invisible striation. (CLEVE 
1878 and DE-Tonr 1891—4 give for the type 15 striae in 10 ty While 
PERAGALLO 1897—1908 gives 17—21 in 10 lt.) Position in the halobion 
system: euhalobous. 


_ 26. Amphora turgida GREGORY. var. wisei SALAH. nov. var. (pl. II 


ne. 11) 

Frustulis orbicularibus, parvis; valvis 8—13 w longis, 2.5—3.5 [i 
latis; striis c. 16—18 in 10 w, leviter in medio, fortiter ad valvae polos 
radiatis frequentioribusque. 

This variety differs from the type, by its smaller, denser striae 
and the slightly capitate ends. (GREGORY 1857 gives 9, PERAGALLO 
1897—1908 7 while CLEVE 1895 13 striae in 10 « for the type.) Faily 
common in the lower marginal zone of the marsh, although sometimes 
recorded from localities along the creek. It is named after Mr. F. C. 
WISE, F.R.M.S. 


27. Cymbellonizschia hossamedinii SALAH. nov. spec. (pl. II, fig. 9). 

Valvis cym bellae forman habentibus, 20—25 u longis, 4—5 « latis; 
margine ventrali leviter curvo, dorsuali arcuato et ad apices acutos 
versus attenuato; carina superimposita, lata, punctis carinalibus 11— 
12 in 10 w, striis 18—20 in 10 w, non punctatis. 

The genus Cymbellonitzschia, established by HustTep in 1924, 
comprises two freshwater species, one recent (C. deluviana HUSTEDT 
1950) and the other fossil (C. minima HusTepT 1924 in A. SCHMIDT 
Atlas). C. hossamedinii is distinguished from them by having longer 
valves with acute extremities, by the coarser striae and the finer 
carinal canaliculi; together with the difference in habitat. 

Only a few specimens were found at station 5. Position in the halo- 
bion system: euhalobous. This species is named after Dr. A. HOSSAM 
EL-D1n, FORMER Director of The Egyptian Education Bureau, 
London. 


28. Nitzschia janet SALAH. nov. spec. (pl. I, fig. 31). 
Frustulis linearibus, in medio constrictis, polis rotundatis; valvis 
linearibus leviter in medio constrictis, ad apices acutos versus atte- 
nuatis, 57—72 u longis, 6—6.5 uw latis; carina excentrica, lata; punctis 
carinalibus 5—7 in 10 » leviter trans valvam intervallis inaequalibus 
prolongatis, duobus medianis distantioribus; striis 14 in 10 w, punctis 
rudibus c. 14—16 in 10 w. ' 
This Nitzschia is distinguished from the other species of the section 
Bilobatae GRUNOw by the arrangement of the puncta in more or less 
irregular longitudinal rows, as well as by the coarser striae and the 
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acute apices of the valves. Nitzschia fogedi MOLLER (1950, p. 212, 
fig. 14) has a similar keel and the same number of carinal canaliculi, 
but it has 29 striae in 10 mw and its apices are capitate. In the coar- 
seness and arrangement of the puncta N. janei is near to certain forms 
of Hantzschia e.g. H. distincte-punctata HusTepT (in A. Schmidt 
Atlas, pl. 329), but it has not the asymetry of that genus. 

N. janei is one of the most frequent and widespread species of 
Nitzschia at Blakeney. In general it is exceedingly abundant in the 
higher regions (Station 4, 2, 1) and less so in the lower marginal 
zone (Station 5). It is therefore to be classed as mesohalobous. The 
species is named after PRor. F. W. JANE. 


I take much pleasure in expressing my grateful thanks to DR. G. 
TAYLOR, DR. J. RAMSBOTTOM and Mr. R. Ross of the British Mu- 
seum (Natural History), London, where this work was carried out. My 
thanks are also due to Profs. W. H. PEARSALL F.R.S. and F. W. JANE. 


The attached algal flora of slow sand 
filter beds of waterworks” 


by ALAN J. Brook, 


Brown Trout Research Laboratory, Pitlochry, Scotland 


1. INTRODUCTION. 


The algae living on the bottom of the slow sand filters of the New- 
castle and Gatheshead Water Company at Whittle Dene, North- 
umberland were described in an earlier paper (BROOK 1954). A 
further study was made of those attached to the stonework of the 
beds in order to compare the composition of this community with 
that present on the relatively unstable, sandy bottom. Since the 
environmental conditions of a filter are in many respects like those 
of a river, it is of interest to compare the data with those obtained 
by BuTCHER (1932b, 1940, 1946) in studies of the attached commu- 
nities of rivers. 


2. METHODS 


Glass microscope slides, fitted into specially constructed ,weighted, 
wooden frames (BUTCHER 1932a) were placed on the stone steps of 
the filters, being submerged at approximately 18 inches below the 
surface of the water; the depth varied slightly with the level of the 
water. At the beginning of each month a frame with four slides was 
placed in each of the four most recently cleaned beds, one slide being 
removed from each frame after one, two, and four weeks respectively, 
while the fourth was usually left for a further two or more weeks in 
order to obtain older growths of certain Chaetophoraceae for easier 


identification. 


1) This paper forms part of a thesis accepted for the Degree of Doctor of 
Philosophy by the University of Durham. Complete tables relating to the 
subject-matter of this paper are given in the thesis, which can be consulted 
in the library of King’s College (Univ. of Durham) Newcastle on Tyne. 
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The principal types of algae found on the slides were: 
I. Filamentous Chlorophyceae and Diatoms. 
II. Stalked Diatoms (Cymbella, Gomphonema and Synedra) which 
are loosely attached by a mucilaginous pedicel. 
III. a) Diatoms attached by the whole of one surface, e.g. Cocconeis, 
Achnanthes, Amphora, etc. 

b) Thalloid Algae (mainly Chlorophyceae), firmly attached by 
mucilage or other means, the commonest representatives 
being Chaetophorales with well-developed prostrate sy- 
stems, such as Stigeoclonium spp., Coleochaete spp., and 
Protoderma spp. 

The distribution of filamentous and stalked diatoms was frequently 
irregular. For example, stalked diatoms were at times common on the 
frames, but only present in small amounts on the slides. On other 
occasions filamentous diatoms produced a felt, almost an inch deep 
over slides and frames, so that numerical estimation was impossible. 
The amount of the growths included under I and II above has 
therefore merely been expressed by symbols (abundant, common, 
frequent, etc.), a method which is by no means completely satis- 
factory, since ecologists in other fields (HOPE-SIMPSON 1940, SMITH 
1944) have shown that different observers vary widely in their con- 
cepts of say, “common” as distinct from ‘‘abundant’”’, and that a 
given observer’s estimates vary from day to day. In order to 
minimise the error as far as possible, the following scale of values 
has been used in estimating degrees of abundance of a species: 

Abundant (A), when a distinct felt was present. 

Common (C) ,when patches occurred in every one of 20 low power 
fields under the microscope. 

Frequent (F), when the species was seen in 10 of 20 low power 
fields. 

Occasional (O), when seen in more than two, but less than 10 of 
20 fields. 

Rare (R), when seen in 2 or fewer of 20 fields. 


The remaining growths (category III) were mostly analysed by 
counting the number of cells of the different species present in 10 to 
200 fields, selected at random on each slide, under a 1/6 in. objective; 
the number of fields examined depended on the abundance and ho- 
mogenity of the material (GopwarD 1937). When the growths were 
so considerable that direct counts were impossible, the filamentous 
and stalked diatoms, after estimation, were carefully removed with a 
fine camel-hair brush, leaving the attached algae below essentially 
undisturbed. The most abundant of these was Achnanthes, which at 
times attained a density of several thousands per sq. mm, so that 
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direct counts were again impossible. Estimates were then made by 
comparing the density of the growth with a series of photomicro- 
graphs of a carefully counted range of densities. 

On occasions when dAchnanthes completely covered some of the 
Chaetophoraceous prostrate systems, as well as diatoms like Cocconeis 
placentula, its growths were also removed with the brush after their 
density had been determined. Though this treatment also removes 
diatoms like Cymbella ventricosa, Nitzschia acicularis and N. palea, 
whose abundance can therefore then not be estimated, the firmly 
attached forms remain undisturbed. 

The estimation of numbers of cells in the, often large, prostrate 
systems of Chaetophoraceae was facilitated by determining for each 
of the principal species, the average number of cells in one quarter 
of the high power field of the microscope. For example, previous 
counting having shown that 480 cells of the prostrate system of 
Chaetopeltis orbicularis on an average occupy + of this field, an indi- 
vidual taking up approximately 1/8th of the field was recorded as 
containing 240 cells. In small individuals the number of cells was 
counted directly. 


3. THE COMPOSITION AND PERIODICITY OF THE 
ATTACHED FLORA 


a) Monthly variations in the total amount of algae present 


So 


IV \ a 


—_——— Noe 
Seer Oct Nov Dec Jan fees Mag Ara May dune Jury Avg. Sert 


ABUNDANCE (See TexT) 


° 


Fig. I. 


Total abundance of all filamentous Algae and stalked Diatoms. 
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Fig. 1 shows the monthly variations in abundance of filamentous 
algae and stalked diatoms (cf. table 1). Values, from 1 for ‘rare’ to 5 
for ‘abundant’, have been allotted to the different symbols indi- 
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cating abundance (p. 2), and the total for each month has been 
calculated as the sum of the separate values for each species, using 
the maximum abundance recorded. This was not necessarily en- 
countered on slides from beds which had been in operation for the 
longest time (cf. pp. 10—11). 

Fig. 2 represents the total maximum monthly amounts of algae 
in category III (p. 2) expressed as the number of cells per sq. mm. 
Since the annual variation is very great, this is plotted on a logarith- 
mic scale. The three graphs show the numbers of algae on slides 
submerged for one, two and four weeks respectively. 

The two figures suggest an annual growth cycle, with a minimum 
in winter, and maxima for filamentous and stalked algae in spring, 
and one for the remaining algae in summer. Between November and 
March the form of the graphs is fairly smooth, but from March 
onwards there are irregular fluctuations. The graphs (BUTCHER, 1946) 
of the total growth of algae in the River Itchen, and in a pond at the 
Arlesford Station, exhibit similar irregular fluctuations which are 
attributed to (1) quickly changing external factors, (2) the browsing 
of animals, (3) the detachment of algal films through the formation 
of gas bubbles, and (4) the erosive effect of foreign bodies carried by 
the current. Of these only the second and third need be considered 
in relation to the filter-bed flora. 

Detachment of filamentous species has been occasionally observed, 
but these grow above those more firmly attached, which, except for 
occasional Achnanthes, have never been found among the former. 
Detachment can therefore be responsible only for very minor 
fluctuations in the numbers of the algae. The feeding of aquatic 
animals on the latter may throw light on many so far unsolved 
questions relating to algal periodicity (cf. Brook 1954). The fluctu- 
ations in the attached population between March and October were 
indeed in the main caused by the depredations of the larvae of 


aquatic insects (see p. 12). 


b). Seasonal variation in the composition of the Flora 


Table 1 sets out the average numbers of cells of the principal 
species on slides exposed for one, two and four weeks. It indicates 
a definite periodicity, with four fairly distinct phases, each phase 
lasting for approximately three months. Although some of the 
common species persist, the dominant ones tend to differ from phase 
to phase. The principal species present during these four periods 


were as follows: 
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Spring phase (February to April). Fragilaria capucina Desm., 
Diatoma elongatum Ag., Gomphonema olivaceum (Lyngb.) 
Kiitz., with Sphaerobotrys fluviatilis Butcher, Protoderma sp., 
and Achnanthes minutissima Kiitz. Cymbella cistula (Hemp.) 
Grun., Chlorosphaera Klebsii Vischer. Chrysochaete britannica 
(Godw.) Rosenberg and Protoderma viride Kiitz. were com- 
mon at times. 


Summer phase (May to July). Fragilaria capucina, Diatoma elonga- 
tum and Achnanthes minutissima. In the latter part, several 
thalloid forms and Microcystis parasitica were common, while 
the palmelloid stage of a Chlamydomonas (?) became abundant 
in July. 


Autumn phase (August to October). Melosira varians C; Ape ags 
Fragilaria capucina, Achnanthes minutissima, with the pal- 
melloid stage of the same Chlamydomonas (?). Coleochaete 
irregularis Pringsh., Sigeoclonium farctum Berth., and Chae- 
topeltis orbicularis Berth. were very common throughout, 
while Microcystis parasitica and Cocconeis placentula Ehr. 
were common in October. 


Winter phase (November to January). Melosira varians, Fragilaria 
capucina, Cocconeis placentula, Ulvella frequens Butcher, and 
Achnanthes minutissima were dominant until December. In 
January the number of algae present was very small, though 
Sphaerobotrys, Chlorosphaera and Protoderma sp. began to 
appear on the slides. 


Periodic chemical analyses of the water flowing through the filters 
during the present investigations showed the usual marked depletion 
of dissolved salts and organic matter in spring. The concentrations 
remained low throughout the summer and early autumn, when 
replenishment took place, so that during winter and early spring the 
quantities of dissolved substances were again high. In late spring, 
summer and early autumn the condition may be regarded as oligo- 
trophic, while during the remainder of the year it approaches a 
eutrophic state. Although the communities, — Achanthes — Chae- 
topeltis and Cocconeis — Ulvella — related by BUTCHER (1946) to oligo- 
trophic and eutrophic conditions respectively in rivers, were not 
found at Whittle Dene, Achnanthes and Chaetopeltis were abundant 
during the oligotrophic period, while Coconeis and Ulvella were most 
abundant during the winter months, when the water in the filters 
was richest in nutrients. 

A list of the species found, apart from those mentioned above, will 
be found at the end of this paper. 
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4, ALGAL SUCCESSION 


The data in Table 1 show that, in general, the order of frequency 
and the relative quantities in which the principal species occur is 
much the same on the three slides removed each month. There are 
however, considerable differences in both respects in different 
months. Although certain species (e.g. Chaetopeltis and Microcystis 
in September) become dominant on the 4 weeks’ slides, they are 
clearly additional and do not replace others. Similarly, the Achnan- 
thes and Chrysochaete developing late in March and April do not 
replace the Sphaerobotrys and Stigeoclonium which colonised the 
slides rapidly during the first week or so. In neither instance is there 
any succession. 

During May, June and July, when conditions seemed most fa- 
vourable for the growth of Achnanthes, there were indications that it 
might eventually replace some of the green algae (mainly Chaeto- 
phorales). In May the latter constituted more than 50° of the total 
flora at the end of the first week, but by the second week they had 
become densely overgrown by Achnanthes which then formed 99%, 
of the total population. Not only was all available space occupied, 
but many of the green growths were completely covered by the 
diatom, so that their further development must have been greatly 
restricted. Although there was competition for space, there was no 
actual replacement since the green forms persisted beneath the 
Achnanthes. Had the slides been left longer, a succession might 
have occurred owing to death of the smothered algae. 

The various species are, however, not all affected by Achnanthes 
to the same degree. Those whose cells are embedded in a well-defined 
mucilage sheath (Aprocystis, etc.) never bore Achnanthes as an 
epiphyte. The latter was never found on the older stages of Stigeo- 
clonium spp. with well-developed systems of erect hairs or branches, 
nor on Chrysochaete britannica, though the prostrate systems were 
sometimes overgrown before the erect system developed. Chaeto- 
phorales, like Protoderma, Ulvella, Coleochaete and Chaetopeltis, 
with a feebly developed or absent erect system were most frequently 
covered by Achnanthes and probably suffer most in competition for 
space. 


5. COLONISATION 


In Fig. 3 the total growth on the slides is plotted for each month 
on a logarithmic scale, the three points for the first, second and 
fourth weeks of submergence being joined to give graphs showing the 
progress of colonisation, Their slope, which is directly related to the 
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trate of colonisation, becomes increasingly steep throughout spring 
and nearly approaches the vertical in summer. Later, it again be- 
comes less steep, being flattest in December and January. 
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Fig. 3. 
Rate of Colonisation of Slides by Epiphytic Diatoms and Thalloid Algae. 
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Throughout most of the year the graphs for the first two weeks are 
almost straight lines. Since they are plotted on a logarithmic scale, 
it may be concluded that the rate of colonisation during the first 
fortnight usually followed a compound interest law. 

Exceptions are seen in December and January. In December the 
slight decrease after the first and the marked decrease after the second 
week (A and B in fig. 3) can be related to low temperature and low 
light intensity, the effects of which are apparent from October on- 
wards. The rate of colonisation in January is considerably less during 
the first two than during the last two weeks, and the slope of the 
graph for the first week (between C and D) resembles that for the 
latter part of December (A and B). Further, the slope for the last 
two weeks of January is approximately the same as that for the first 
two weeks in December, so that the whole graph for January is more 
or less of an inversion of the December one. A complete graph from 
the beginning of December to the end of January would therefore be 
a sigmoid one, with its point of inflection in the last week of Decem- 
ber. This suggests that, at this time of the year, the rate of coloni- 
sation is related to light intensity rather than to temperature, 
which did not reach a minimum until January. 

From May to September the graphs for the last two weeks are 
less steep than those for the first two, that is there is a slowing down 
in the rate of colonisation. In June and September there was actually 
a decrease in numbers of algae, which can be attributed to the feeding 
of aquatic animals. Although this may have occurred also during the 
first two weeks, its effects will be increasingly marked as the number 
of animals increase, until the rate of feeding exceeds the rate of 
algal reproduction. 

As the amount of free space on a slide diminishes, it becomes in- 
creasingly difficult for further algae to gain a foothold, although those 
already present may spread at a steady rate. The difficulty of colo- 
nisation by new individuals will continually increase particularly in 
the case of the thalloid forms (IIIb, on p. 2) which require a smooth 
surface and seem unable to establish themselves on an area largely 
occupied by other algae. 


6. DIFFERENCES IN THE ATTACHED FLORA IN FILTER 
BEDS OF DIFFERENT AGES. 


Marked differences in composition and amount of algal growth were 
found on slides in filter beds which had been in operation for diffe- 
rent lengths of time (see Table 1). The contrast was particularly appa- 
rent in June with respect to filamentous and stalked diatoms, several 
of which were ‘occasional’ or even ‘frequent’ in the newer beds, but 
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‘rare’ or absent in the less recently cleaned ones. Disappearance was 
always associated with an abundance of insect larvae (Ephemerop- 
tera, Trichoptera, many Chironomids), and dissection showed that 
they were largely responsible for the removal of the diatoms (cf. also 
BRooK 1954). The tube — like shelters of the Chironomid larvae, 
always abundant on the slides in the oldest beds, were composed 
almost entirely of diatoms, bound together by delicate threads. 
Decrease in numbers of diatoms may therefore not only due to feeding, 
but also to the tube — building activities of the larvae. 

The differences in amounts of other algae (Achnanthes, Cocconeis, 
Ulvella, Chaetopeltis, Protoderma, etc.), in beds of different ages, 
were not so marked, although there were generally more of them 
on slides from ‘old’ than from ‘new’ beds. In June and September, 
however, Achnanthes at times disappeared, and examination of the 
guts of the larvae present indicated that they were feeding almost 
exclusively on this diatom. The removal of Achnanthes at other 
times might possibly have been much greater had it not been covered 
by considerable growths of filamentous and stalked diatoms. ALLEE 
(1945) has suggested that there is automatic biological co-operation, 
as well as competition, between animals. In relation to the algae here 
discussed, apart from competition for space, there may also be such 
automatic co-operation. When an alga reaches water, in which the 
physical and chemical factors are suitable for its growth, it may fail 
to establish itself because it is devoured by a member of the fauna. 
The greater the quantity of other algae present, however, the greater 
may beits chances of survival. Achnanthes may therefore have thrived 
in the filters at the expense of the filamentous and stalked diatoms. 

The latter as well as the rather loosely attached Achnanthes, appear 
to be easily removed by browsing animals. Chaetophoraceae with 
well-developed erect systems appear to suffer most, while Chaeto- 
peltis orbicularis, which is difficult to detach from the slides, even with 
a scalpel, is never taken. Cocconeis and Amphora have likewise never 
been found in the guts of insect larvae, or in the bodies of diatom- 
eating protozoa (BROOK 1952). 

As with the plankton (FRiTscH 1931) and the unattached, bottom- 
living flora (BROOK 1954), the successful establishment and ultimate 
composition of the attached flora will at certain times of the year be 
largely dependant on the magnitude of the alga-eating fauna. 


SUMMARY. 


1. The paper presents the results of an investigation of the attached 
algal flora, as estimated by the growths on slides, of the slow sand 
filter-beds of the Whittle Dene Waterworks, Northumberland. 
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2. The flora consists largely of filamentous and attached diatoms 
and Chaetophoraceae and shows marked seasonal differences in 
composition and abundance. Then community is compared with 
that of rivers. 

3. The factors influencing seasonal differences, colonisation, and 
succession are examined. 

4. Differences in the attached flora of beds which have been in 
operation for different lengths of time are considered in relation to 
the aquatic fauna. 


The author expresses his thanks to Mr. S. G. Barrett, Chief 
Engineer, to Dr. A. T. Palin, Waterworks Chemist of the Newcastle 
and Gateshead Water Company, and to Mr. A. Lishman, Foreman 
at the Whittle Dene Waterworks, for their generous cooperation 
during these investigations and to the late Prof. F. E. Fritsch F.R.S. 
for kindly revising the manuscript of this paper. 


Algae (other than those listed on p. 6) found on Slides in the Filter 
Beds 


I. CHLOROPHY CEAE 


Palmodictyon varium (Naeg.) Lemm. 

Apiocystis Brauniana Naeg. 

Characium Sieboldii A. Br. 

C. Pringsheimii A. Br. 

Ulothrix moniliformis sec. Borge. 2? (cf. PASCHER, Stssw. 
Fl. 6, p. 49, fig. 63). 

U. zonata (Web. & Mohr.) Kitz. 

Hormidium flaccidum A. Br. 

Stigeoclonium amoenum Kitz. 

S. falklandicum var. anglicum Butcher. 

Aphanochaete repens A. Br. 

Gongrosira viridis Kutz. 

Coleochaete soluta Pringsh. 

C. scutata Bréb. 

Chaetosphaeridium globosum (Nordst.) Kleb. 

Pleurococcus sp. 

Oedogonium spp. 

Bulbochaete spp. 


II. XANTHOPHY CEAE 
Chlorobotrys regularis (West) Bohlin. 
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III. BACILLARIALES 


Tabellaria fenestrata (Lyngb.) Kitz. 

Diatoma vulgare Bory var. capitulata Grun. 

D. vulgare Bory var. brevis Grun. 

Ceratoneis arcus (Ehr.) Kiitz. 

Fragilaria capucina Desm. var. mesolepta (Rabh.) Grun. 
Synedra ulna (Nitzsch.) Ehr. 

S. ulna (Nitzsch.) Ehr. var. biceps (Kiitz.) Grun. 

S. acus Kutz. 

S. rumpens Kitz. 

S. pulchella Kitz. 

Cocconeis pediculus Ehr. 

Achnanthes minutissima Kitz. var. cryptocephala Grun. 
Aextlis@ Kutz 

A. affinis Grun. 

Pinnularia Debesii Hust. 

Amphora ovalis Kitz. 

A. ovalis Kitz. var. libyca (Ehr.) Cl. 

Cymbella naviculaeformis Auersw. 

C. prostrata (Berkely) Cl. 

C. cistula (Hemp.) Grun. var. maculata (Kiitz.) Van Heurck. 
C. cistula (Hemp.) Grun., var. incistula May. 
Cymbella helvetica Kitz. 

Gomphonema acuminatum Ehr. 

G. parvulum (Kiitz.) Grun. 

G. sphaerophorum Ehr. 

G. constrictum Ehr. 

Denticula tenuis Kiitz. var. crassula (Naeg.) Hust. 
Epithemia turgida (Ehr.) Kitz. 

Nitzschia palea (Kiitz.) W. Sm. 

N. acicularis W. Sm. 


IV. MYXOPHY CEAE 
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Oncobyrsa rivularis Kiitz., emend. Geitl. 
Chamaesiphon regularis (Fritsch) Geitl. 
Phormidium tenue (Menegh.) Gom. 

P. molle (Kutz.) Gom. 
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Riesenwuchs auf verrotteten Halmen 
von Scirpus lacustris L. 


von K. SEIDEL 


(Hydrobiologische Anstalt der Max-Planck-Gesellschaft in Plon) 


Wahrend die abgestorbenen Halme von Phragmites commumis uber 
Winter, oft sogar bis in den Friihsommer, an der Pflanze verbleiben 
und nach der Loslésung vom Rhizom sehr schwer verrotten, verhalt 
sich Scirpus lacustris L. darin ganzlich anders: Die abgestorbenen 
Halme oder auch nur die abgestorbenen Halmteile werden wtber 
Winter von der Pflanze durch Sturm oder Eisbildung getrennt. Da 
sie ein sehr geringes spezifisches Gewicht haben, setzt sie der Wellen- 
schlag als ,,Treibsel” am Ufer ab und dort zerfallen sie in wenigen 
Monaten. Sie werden dann wie kleine Papierfetzen vom Wind uber 
die Weidenkoppeln getrieben. Setzt man jedoch die abgestorbenen 
Halme zu Komposthaufen auf, so verrotten sie sehr schnell und bil- 
den ein lockere, humose, sehr wohlriechende Erde. Wir haben diese 
Kompostbereitung seit 1947 systematisch durchgefiihrt und sie seit 
1949 fiir Saat- und Pflanzversuche verwandt. 

Es wurden in dieser Erde Aussaaten von Stauden, Sommerblumen 
und von anspruchsvollen Gartengemiisen gemacht und die Samlinge 
darin weiter kultiviert. Das vegetative und generative Wachstum war 
auffallend ippig; die Bliitenfarben z.B. bei Aster alpinus Primula 
veris und Trollius europaeus waren tiefer und leuchtender als die der 
Vergleichspflanzen. Wahrend aber das Blattwachstum bei Tropaeo- 
lum maius in dieser Erde besonders ippig war, zeigten die Bliiten 
keinerlei Veranderungen. Hingegen waren bei Tagetes erecta Blatter 
und Bliten auffallend grof. 

Die beigefiigten Fotos verdeutlichen die auffallenden Grédfen- 
unterschiede im Blattwachstum bei Tropaeolum maius (Abb. 1) 
und im Blatt- und Bliittenwachstum bei Tagetes erecta (Abb. 2). 


Eig austen c mez ee Dae le 


Bezeichnung: links und rechts Riesenformen der Blatter von Tro- 
paeolum maius (a~-Formen). 
In der Mitte: Normale Form (n-Formen). 

Standort: Klostergarten Preetz/Holstein. 
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Erde: n-Formen: Gartenerde (humoser Lehmboden) 
a-Formen: Kompost aus Halmen von Scirpus lacustris. 


Abb. I 


Entfernung der beiden Standorte voneinander: 5 m. 
Aussaat am: 1. Mai 1951. 
Gemessen am: 4. Oktober 1951. 


Blatt 
Pie links Mitte rechts 
Stiellange in cm 51,4 19,2 64,2 1) 
Stieldicke in mm, Basis 9,0 2,9 lle! 
Stieldicke in mm, Spitze 3,8 1,9 3,9 
Blattbreite in cm 18,2 6,6 19,4 
Blattflache in qcm 260,023 34,197 295,442 


1) Im 12, II-1952 wurden Stiellangen bis 70,2 cm gemessen. 
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Erlauterung’ zu Abb. 2: 


Bezeichnung: links Riesenform von Tagetes erecta rechts normale 
Form von Tagetes erecta. 


Abb. 2 


Standort: Klostergarten Preetz/Holstein. 

Erde: n-Formen: humoser Lehmboden; a-Formen: Kompost von 
Sewlac: 

Entfernung der beiden Standorte voneinander: 2 m. 

Ausgepflanzt am: 2. Juni 1951. 

Gemessen am: 4. Oktober 1951. 


In den folgenden Jahren wiederholten wir die Versuche und es seien 
hier auffallende Merkmale von Tropaeolum maius wiedergegeben: 

Der Blattstiel ist unifacial mit Dorsal- und Ventralmedia- 
nus (TROLL 1948, S. 316). Er weist aber bei den a-Formen eine kol- 
benformige Verdickung an der Stielbasis und eine Zuspitzung am 
Ubergang zur Blattspreite auf. Diese Veranderungen konnten bei 
den n-Formen nirgends beobachtet werden (Abb. 3). 
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é Die Epidermis des Blattstieles ist bei den a-Formen stark ver- 
andert. In vielen untersuchten Exemplaren sind die Zellen be- 
deutend kleiner, sind aber in viel gro®erer Anzahl vorhanden. In 
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Abb. 3 


Epidermis 


Abb. 4 


allen Fallen waren bei den a-Formen die Zellwande der Epidermis 
sehr stark verdickt. Das sich anschlieBende Parenchym zeigte bei den 
a-Formen eine gréfere Regelmafigkeit als bei den n-Formen 


(Abb. 4). 
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Die Lamina hat in beiden Fallen die Schildform mit nahezu 
zentralen Stielenansatz. Abnorme Blattbildungen, wie sie bei Tro- 
paeolum maius oft beobachtet werden (siehe auch Heci IV/3 S. 1729) 
entwickelten sie in keinem Fall. Die Anzahl der fast radialen Haupt- 
nerven ist trotz des erheblichen Gréfenunterschiedes der a- und n- 
Formen nicht unterschiedlich. Es mu8 sich also das intercostale 
Spreitenbereich stark auswachsen. In der Dicke der Lamina konnte 
bei beiden Formen kein Unterschied festgestellt werden. Die in 
GroBe und Gestalt sehr unterschiedlichen Blatthaare wurden in 
beiden Fallen gefunden (Abb. 5a und 5b). Wahrend bei einigen 
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; 


o- Form 
n-Form 


Abb. sa Abb. 5b 


Messungen die Anzahl der Blatthaare bei den a-Formen stark tiber- 
wogen, waren es bei anderen Messungen gerade die geringe Anzahl 
der Haare, die bei diesen Formen auffielen. 


Das uppige vegetative Wachstum aber auch die auffallende gene- 
rative Entwicklung bei Pflanzen vom Scirpus-lacustris-Humus, ver- 
anlassten uns, die Erde zu untersuchen *). 

Es liegen bisher folgende, Analysen vor: (Unters. 17.6.52) 
Phosphorsaure (P,O; wurzelldslich nach Neubauer 


mein glLOO see Boden sity oc ert ent, akee tan eee 20,4 
Kali (K,O) wurzelldéslich nach Neubeuer 

mreinslO0Lo Boden gisei emer ae aes 57,0 
Kalk (Anfangs-pH-Zahl (Saurezahl) 

ipa leA ison lan miin Omer at ie eer eee eee iO 
Stickstotl wach sHasenbaumen ie: eee eee 12,3 mg 
Gesamt= Kupterg( Cu) let ak eae eee eae ae 90 ppm 


Austauschbares Mangan (sofort verftigbares Mangan) 47,4 ppm 


Leicht reduzierbares Mangan (in Kirze unter Mit 
wirkung biochemischer Faktoren verfiigb. Res. 119,6 ppm 


") Ich verdanke diese Untersuchungen der Zusammenarbeit mit Frl. Dr. 
Bonic, Landw. Unters.- u. Forschungsanstalt Kiel. 
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Zum Vergleich seien Neubauer-Zahlen fiir Phosphorsdure und Kali, 
Landw. Versuchs- und Forschungsanstalt Augustenberg, angegeben: 


mg P,O;/100 g mg K,0/100 g 


Boden Boden 
guter Sandboden 5,0—6 9 15,0—19,9 
guter sandiger Lehmboden 6,0—7 9 22,0—29,9 
guter toniger Lehmboden 7,0—8,9 28,0—39,9 


Auffallend hoch ist der Anteil der Spurenelemente Kupfer und 
Mangan in dieser Erde aus verrotteten Scirpus-lacustris-Halmen. 
Die Untersuchungen werden fortgesetzt. 


Literatur. 
Hegi ,,Illustrierte Flora von Mitteleuropa” Munchen 
1906—1931 
Troll ,,Allgemeine Botanik” Stuttgart 1948. 
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Corixa lacustris Macan a synonym of 
corals eich 


T, Tv MACAN 


Macan (1954), after a visit to Denmark, concluded that the species 
known there as Corixa striata (L.) was not the same as the species 
known under that name in the British Isles. The Linnean type mate- 
rial being unsatisfactory, he applied the name striata (L.) to the spe- 
cies represented by the Danish specimens, since they agreed with the 
first modern description of Corixa striata (L.), that of JACZEWSKI 
(1924), and for the apparently new British species he created the name 
C. lacustris. Though no description of the differences between the 
two species had been made before, the new name has proved to be 
unnecessary. In 1817 Leacu described Corixa dorsalis, the type of 
which was later lost. However, when Dr. JACZEWsKI visited the 
British Museum, he examined the collection of STEPHENS, who was 
contemporary with LEACH, and found in it many specimens with 
LEACH‘s names, among them C. dorsalis. 

This was regarded as a synonym of C. striata LINNAEUS (China, 
1938). I overlooked this paper when naming C. Jacustris and the error 
did not come to light till Dr. CHINA was putting my supposed type 
specimen into the British Museum collection. Then it occurred to 
him that it was probably identical with C. dorsalis Leacu of which, 
he tells me, JACZEWSKI ,,in effect selected a neotype”. An examination 
soon revealed that this specimen agreed with lacustris rather than 
striata (L.). The synonymy is therefore: 

Corixa dorsalis LeacH 1817 
Sigara striata CHINA 1938 not (LINNAEUS 1758) 
Corixa lacustris Macan 1954 
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Personalia 


Prof. O. Haempel zum Gedichtnis 


Am 2. Januar 1953 verschied nach kurzem schweren Leiden der 
beKannte Osterreichische Fischereibiologe Prof. Dr. OskKAR HAEMPEL 
im 71. Lebensjahre. 

Er war ein Schiiler des Altmeisters der Fischereibiologie Prof. 
Hofer, als dessen Assistent er nach Vollendung seiner Studien an 
der Bayrischen Biologischen Versuchsanstalt in Miinchen tatig war. 
Von hier ging er dann nach Wien, wo er sich 1909 an der Hochschule 
fiir Bodenkultur als Privatdozent fiir das Fach Hydrobiologie und 
Fischereiwirtschaft habilitierte. Im Jahre 1920 erfolgte gleichzeitig 
met der Verleihung des Titels eines ausserordentlichen Professors 
seine Berufung an die neugegriindete Lehrkanzel fiir Hydrobiologie 
an dieser Hochschule. 1928 tibernahm er noch die Leitung der vom 
ihm begriindeten Fischereibiologischen Bundesanstalt in Weissen- 
bach am Attersee. 

Von seinen zahlreichen Ver6ffentlichungen aus nahezu allen Ge- 
bieten der Hydrobiologie und Fischereiwirtschaft sind die bekanntes- 
ten der ,,Leitfaden der Biologie der Fische”’ (1912), das ,, Handbuch 
der Fischereibetriebslehre’’ gemeinsam mit DoLjaN (1921) und die 
» Biologie der Alpenseen” (1930). 

In den letzten Jahren befasste er sich besonders mit dem Studium 
der Wirkung von Hormonen auf Fische und war noch in seinen letz- 
ten Lebenstagen auf diesem Gebiete forschend tatig. 

Nicht nur den Forscher HAEMPEL werden alle, die ihn kannten, in 
ehrenvollem Andenken behalten sondern ebenso den stets_hilfs- 
bereiten und verstandnisvollen Berater und Freund. 


K. STUNDL 
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Fresh-water Invertebrates of the 
United States 


By ROBERT W. PENNAK. 


The Ronald Press Co., New York, 1953. 769 pages. 


It is curious to see how difficult it is for the limnologists of North 
America and Europe to acquire a thorough knowledge of each other’s 
scientific literature. An example will show the correctness of this 
view: In Paut S. WeELcH’s second edition of ,,Limnology” 1952, 
88°, of the literature quoted is written in English, and in FRANZ 
RUTTNER ,,Grundriss der Limnologie” 1952, 80% is written in Ger- 
man. It is, therefore, important to call the attention of European 
readers to a new, valuable, and handsome treatise by Professor 
PENNAK, a pupil of the late Professor C. JuDAyY, Wisconsin. His book 
is of particular interest to American biologists and zoologists, but 
also to Europeans, since every chapter dealing with the various groups 
of fresh-water animals has a general biological and morphological in- 
troduction, summarizing classical and recent investigations; and 
among the latter are many important American papers published 
during the war-time or later, and as yet not very well known in Europe. 

The general characteristics of each group of animals are clearly 
stated, and the account comprises a morphological description, loco- 
motion, feeding, internal anatomy, reproduction, seasonal variation 
of numbers, developmental life cycle, general ecology, geographical 
distribution, economic significance, taxonomy etc. It concludes with 
a key to the species or genera. Of course the key cannot give the spe- 
cies for all large groups where the taxonomy is still vague, but in such 
cases it is limited to the genera. There are more than 2000 good, 
instructive figures, which facilitate the determination. 

It is very difficult for one author to write about all fresh-water 
groups from Protozoa to Molluscs, but Professor PENNAK seems to 
have overcome all difficulties in this respect; he has had his manu- 
script carefully critisized and corrected bya great number of helpful 
specialists. 

The excellently written text and the beautiful get-up of the book 
constitute a plea for and an encouragement to more limnological work 
on the fresh-water fauna in North America. The book will also be a 
valuable addition to the library of European limnologists. Kay BERG 
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Hydrobiologia ogdéIna 
A. LITYNSKI 


Warszawa, PANSTWOWE WyYDAWNICTWO NavKoweE, 1952, 545 Peps 
277 figs., portrait de Yauteur (en langue polonaise). 


Table des matiéres (pp. 21 - 506, chapitres I - X): Introduction. 
Hydrosphere comme milieu de vie des étres vivants. Régions biolo- 
giques de eau. Organismes aquatiques et le milieu physique. Lumié- 
re comme facteur écologique. Bilan thérmique des eaux et son impor- 
tance pour la vie des étres vivants. Régime gazeux de l’hydrosphére. 
Relation entre les étres vivants et les sels minéraux dissouts dans l’eau. 
Role des composants nutritifs dissouts dans l’eau pour les étres aqua- 
tiques. Productivité biologique des eaux. 

L’auteur de la note présente a fait précéder le texte proprement 
dit par une préface, un bref curriculum vitae et une bibliographie 
complete des travaux scientifiques de A. LITYNSKI. C’est par lui, que 
le livre complété par les données hydrobiologiques plus récentes et 
pourvu dillustrations, a été préparé a la publication. Malgré ces 
suppléments la disposition primaire du matériel et les idées fonda- 
mentales de LITYNSKI ont été conservées, sans changements. Le livre 
de A. LITYNSKI est écrit avec beaucoup de talent. LITYNSKI était pen- 
dant de longues années directeur de la Station Hydrobiologique du 
lac de WiGRy et en outre un savant plein de mérite, car il a contri- 
bué au développement des recherches hydrobiologiques en POLOGNE. 
C’est une tentative hardie de réunir dans une seule oeuvre tous les 
problémes hydrobiologiques fondamentaux concernant les eaux 
douces et salées. En comparant les résultats des recherches des deux 
branches essentielles d’hydrobiologie et notamment de limnologie 
et d’océanologie, l’auteur 4 maintes reprises arrive a des conclusions 
intéressantes et originales. Le livre contient un matériel, abondant 
résultat des recherches hydrobiologiques polonaises, mais comme on 
peut se rendre compte aisément en examinant la littérature, les idées 
et les considérations de l’auteur se basent sur les acquisitions mondia- 
les dans le domaine de l’hydrobiologie. 

Nous devons 4a l’effort créateur de LiTyNski loriginalité de cette 
ceuvre hydrobiologique intéressante qui rendra un trés grand servi- 


ce non seulement aux étudiants, mais aussi aux spécialistes. 
L. K. PAWLOWSKI 


Wari 
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Hustept, F. - Neue und wenig bekannte Diatomeen, IV, Bot. Not. 1952; 
Heft 4, 366—410, 134 fig. 

Not less than 53 new species and 3 new varieties of Diatoms, chiefly 

from Brazil, are described. ; 

Hustept, F. - Die Struktur der Diatomeen und die Bedeutung des Elektronen- 
mikroskops fiir die Analyse, II, Arch. f. Hydrobiol., 47, 2, 1952, 
295— 301. 

Use of electronic microscope for study of structure of Diatoms. 
INSTITUTE OF FRESHWATER RESEARCH, DROTTNINGHOLM, ANNUAL REPORT FOR 
THE YEAR 195I AND SHORT PAPERS (Rep. no 33, Fishery Board of Sweden) - 

Lund, 1952. 

Contains Director’s report for 1951 and Io short papers mostly on 

fishery questions. 

CENTRE BELGE D’ETUDE ET DE DOCUMENTATION DES EAUX - no 18, 1952/IV; 
no 19, 1953/J. 

Fort, B. - O vyskytu rasy Catena ve fytoplanktonu nasich rybniku (On the 
occurrence of the Alga Catena in Bohemia), Cesk. Bot. Listy, III. 
HOGI DP fO/y ce eee 

Fort, B. - O vyskytu bicikovce Pascherella tetras Kors. (Pascherella tetras — 
Spondylomonaceae — described by KorsIkKov in 1927 from S.S.S.R., 
re-discovered 1951 in a pond in Bohemia), Cesk. Bot. Listy, III, 1951, 
il POY, We Thee 

ForTT, B. - Mikroflora oravskych reselin, Preslia, XXIV, 1952, 189—209, 4 fig. 
Microflora of Orava moors. Four new species described. 

SCHILLER, J. - Uber die Vermehrung des Paramylons und Utber Alters- 
erscheinungen bei Eugleninen, Ost. Bot. Ztschr., 99, 4, 1952, 413— 
420, 3 fig. 

On increase of Paramylon and Life-phenomena in Eugleninae. 
FRASER, J. H. - The Chaetognatha and other Zooplankton of the Scottish area 

and tneir value as biological indicators of hydrographical conditions. 

Scottish Home Dept., Marine Research, 1952, no 2, §2 p., 21 charts, 3 pl, 


JAHRESBERICHT UBER DIE DEUTSCHE FISCHEREI 1951 - Bundesmin. Ernihrung, 
Landwirtschaft u. Forsten, Berlin, Oktober 1952. 

GAUTHIER, H. - Contribution a l’étude de la faune des eaux douces au Sénégal 

(Entomostracés), Alger, 1951. 
In a first chapter, the author summarizes the collections made at the 
different stations. The second chapter contains a taxonomic study of the 
Entomostraca collected, including ro new species. In the third chapter, 
general considerations are given, on the biogeography of the freshwater 
Entomostraca, on temporary waters (the german “‘Regenteich’’) and 
on the so-called “‘tropical’’ climates. In a conclusion, the author summa- 
rizes his views on the distribution of stagnicole organisms in the 
intertropical regions. 

JAHRESBERICHT DER LIMNOLOGISCHEN FLUSSSTATION FREUDENTHAL (Aussen- 
stelle der Hydrobiol. Anstalt der Max Plank Ges.) - 1950 - Containing 
a number of interesting short papers. 

BERICHTE DER LIMNOLOGISCHE FLUSSSTATION FREUDENTHAL (Aussenstelle 
der Hydrobiol. Anstalt der Max Plank Ges.), III, 1952, IV., 1953. 

BERICHTE DER DEUTSCHEN WISSENSCHAFTLICHEN KOMMISSION FUR MEERES- 
FORSCHUNG - Neue Folge, XJII/1, 1952. 

CENTRE BELGE D’ETUDE ET DE DOCUMENTATION DES EAUX - Bulletin Mensuel, 
4e année, no 32, Février 1953. 

DussarT, B. - L’Omble chevalier du Léman (Salvelinus alpinus L., 1758), 
Ann. Stat. Centr. Hydrobiol. appl., IV, 1952, 355—377; 2 pl., 3 fig., 
8 tables. 

Biometrical and biological data regarding Salvelinus alpinus L. from 
lake Léman. 

DussaRT, B. - Contribution 4a l’étude des lacs du Chablais. Le lac de Tavaneu- 
se, Bull. frang Piscic., 167, 63—68, 1952, 2 fig., 1 table. 

With some biological observations. 

DussarT, B. - Contribution 4 l’étude des lacs de Savoie. Le lac de la Girotte, 
Ann. Stat. centre. Hydrobiol. appl., IV, 1952, 379—391; 4 fig., 2 tables. 

DussarT, B. - Contribution a l’étude des lacs pyrénéens, Ann. Stat. centr. 
Hydrobiol. appl., IV, 1952; 319—337> 14 fig. 

ALLEN, K. R. - A New Zealand Trout Stream, some facts and figures, New 
Zealand Marine Dept., Fisheries Bull., no 10A, 19§2, 70 P., frontispiece, 
Teleetieestc Dis 
Detailed abstract of study described ib., Bull. no Io. 

SEGERSTRALE, S. G. - The seasonal fluctuations in the salinity off the coast of 
Finland and their biological significance, Comm. Biol., XIII. 3, 1951; 
27 p., § fig., 4 tables. 

SEGERSTRALE, S. G. - The recent increase in salinity off the finnish coasts, a 
probable consequence of the climatic change, and its biological bearing 
(The recent climatic fluctuations in Finland and its consequences, a 
symposium edited by Ilmari Hustili for the Geographical Society of 
Finland, Fennia, 75, 1952). 

Based on the paper mentioned above. 

SEGERSTRALE, S. G. - Further notes on the increase in salinity of the Inner 
Baltic and its influence on the fauna, Comm. Biol., XIII. 15, 1953, 6 p- 
Some facts about the extension of the distribution area of several 
animals. 

STEPANEK, M. - Menavky a slunivky tunky na bradku u Kunratic, Cas. Nar. 
Musea, CXXI, 1952, 76—8o, 12 fig. 

A list of Rhizopoda and Heliozoa from the forest pool on the Hradek 
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near Kunratic (Prague). Of the 12 forms listed, 3 are new for Czecho- 
slovakia. 

ZWILLENBERG, L. O. - Theratromyxa Weberi, a new proteomyxean organism 
from soil, Antoni van Leeuwenhoek, 19, no 2, 1953, IOI—II2, 9 fig. 

MarGaterF, R. - Los Crustaceos de las aguas continentales ibericas (Biologia 
de aguas Continentales, X), Madrid, 1953. 
An excellent manual of Freshwater Crustaceans of the Iberic Penin- 
sula. 194 species are mentioned, with keys, descriptions, a short syno- 
nymy, distributional, biological and ecological notes. 

VISSERIJ NIEUWS, MAANDBLAD VAN DE DIRECTIE DER VISSERIJEN - V, 7 (Nov. 
1952), 8 (Dec. 1952), 9 (Jan. 1953), 10 (Feb. 1953), 12 (Apr. 1953); 
VI, 1 (Mei 1953), 2 (Juni 1953). 
As usual, each issue contains interesting papers on various connected 
topics, and also statistics on fishery in the Netherlands. 

CHOLNoKY, B. J. - Ein Beitrag zur Kenntnis der Plasmolyse der Oedogonium- 
Zelle, Ost. Bot. Ztschr., 100, 1/2, 1953, 226—234, 2 fig. 

BourRELLY, P. - Initiation pratique 4 la systématique des algues d’eau douce. 
Volvocales, Bull. Microsc. appl. (2), t. 3, I—25 1953, 12—21, 3 fig., 2 pl. 
This is the third instalment of a very useful comprehensive serial 
about systematics of freshwater algae. 

BourRELLY, P. - Une nouvelle espéce de Lagenoeca: Lagenoeca ruttneri, Rev. 
suisse Hydrol., XIV, 1952, 1, 462—464, 4 fig. 

BourreELty P. & P. GayrRaL - Eugléniens marocains rares ou nouveaux, Bull. 
Soc. Sc. nat. Maroc, XXXI, 1951, 23—25; II fig. 
Describing Trachelomonas Werneri n. sp. and Strombomonas subcurvata 
var. africana n. var. 

BourRELLY, P. & P. GAYRAL - Une nouvelle Volvocale Tingitanella pasqualini 
(n. g., n. sp.), Bull. Soc. Sc. nat. Maroc, XXX, 1950, 117—120, 8 fig. 

PawLowsk1, L. K. - Contribution 4 la connaissance des sangsues (Hirudinea) 
de la Nouvelle-Ecosse, de Terre-Neuve et des iles frangaises St. Pierre 
et Miquelon, Fragm. faunist. Mus. Zool. Polon., V, no 20, 1948, 317— 
353, 5 fig., 4 tables. 
With ecological and zoogeographical notes. 

PAWLOowsKI, L. K. - Cas particulier d’anomalie de la structure du corps de la 
sangsue Erpobdella octoculata (L.), Bull. Soc. Sci. & Lett. Lodz, cl. 
JUD SG, aanlie (Se leticn MOG ths WYO, 3) Toko 2} ats 
On the presence of a second genital aperture in some males. 

PAWLOWSKI, L. K. - Leeches (Hirudinea) of the river pumps station and the 
waterworks of Warsaw, Fr. F., VI, 10, 1951, 169—192, 2 fig., 2 tables. 

Cor.iss, J. O. - Silver Impregnation of ciliated Protozoa by the Chatton- 
Lwoff technic, Stain Technology, 28, no 2, 1953, 97—I00. 

ANNUAL REPORT OF THE LABORATORIUM FOR EXPERIMENTAL LIMNOLOGY, SO. 
Res. STATION, - Maple, Ont., Res. Rep. no 23, November 1951. 

Hart, J. S. - Geographic variations of some physiological and morphological 
characters in certain freshwater Fish, Publ. Ont. Fisheries Res. Lab., 
LXXII, 1952 (Univ. of Toronto Biolog. Series no 60). 
The writer has found that morphological characters show greater 
variability than physiological ones; lethal temperature findings in some 
cases did not confirm the accepted taxonomical status of the races 
involved. Those discrepancies seem to be associated with non genetic 
morphological variation and with factors tending to suppress formation 
of geographic physiological races. 

WERFF, A. VAN DER - De ontwikkeling van groene algen en andere organismen 


130 


in plastieken buizen van waterleidingsbedrijven, I, Water, no 26, 
18 December 1952, 3 p., 4 fig. 

HustepT, F. - Anhang Diatomeen aus dem Naturschutzgebiet Seeon, Arch. 
f. Hydrobiol., 47, 4, 1953, 625—635, 22 fig., 1 table. 

Described as new: Nitzschia bavarica n. sp., N. Gessneri n. sp., N. 
graciloides n. sp. In all, 163 forms are listed. 

HusteptT, F. - Algunas observaciones sobre la vida de microorganismos en los 
arroyos termales de los auzoles de El Salvador, Com. Inst. Trop. Invest. 
Cient., San Salvador, 1953, 103—108. 

Commented list of 58 forms of Diatoms collected in termal sources 
of San Salvador. 

Hustept, F. - Neue und wenig bekannte Diatomeen. V. Asterionella fibula 
(Bréb.) n. comb., eine Plankton Diatomee mooriger Gewasser, Ber. 
Dtsch. Bot. Ges., 1952, LXV/8, 272—276, 3 fig. 

Note on the Diatom generally known as Gomphonema fibula Bréb. 

VAILLANT, F. - Les composants de la faune hygropétrique des Alpes du Dau- 
phiné (77e Congrés des Soc. Savantes, 1952, I149—152). 

Discussion on the meaning of the term “‘faune hygropétrique’’. 

VAILLANT, F. - Les Larves d’Hermione, 16 p., 19 fig. 

Keys and descriptions of larvae of 11 species of Hermione (Diptera) 
from Alps of Dauphiné. 

VAILLANT, F. - Les Larves hygropétriques et les Nymphes de quelques 
Empididae Atalantinae (Diptéres), 8 p., 39 fig. 

Keys and descriptions of larvae and nymphs of 4 species of Atalan- 
tine flies from Alps of Dauphiné. 

VAILLANT, F. - Les Larves d’Hermione d’Algérie (Diptéres Stratiomyiidae), 
Bull. Soc. H. N. Afr. Nord, 43, 1952, 8—15, 15 fig. 

With keys of subgenera and species. 

VAILLANT, F. - Quelques Dolichopodidae de la zone paléarctique (Diptera), 
I. Espéces nouvelles ou peu connues, Bull. Inst. roy. Sci. Nat. Belg., 
ZSATOLOS ALO 52eT 50 Dag oO. 110 
With ecological notes and descriptions of two new species, viz. Xan- 
thochlorus ochraceus and Sympycnus hygropetricus. 

VAILLANT, F. - Un empidide destructeur de simulies, Bull. Soc. Zool. France, 
LXXVI, 1951, 5/6, 371—379; 2 pl. 

Description of and notes on Wiedemannia (Roederella) ouedorum Nn. sp. 

VAILLANT, F. - Quelques Limoniidae a4 larves hygropétriques (Diptera), 
Rev. fr. Entomol., XIX, 4, 1952, 244—251, 2 pl. 

With description of Dicranomyia hygropetrica sp. n. 

LuTHER, A. - Eine polypharyngeale Planarie aus New Foundland, Mem. 
Soc. Fauna Flora Fenn., 27; 1950—1951 (1952) und Uber den noérd- 
lichsten Fundort von Anodonta piscinale Nilss., ib., 79—83. 

Lenz, F. - Die Metamorphose einer tropischen Pelopia-Art, Neue Erg. & 
Probl. Zool. (Klatt-Festschrift), 1950, 502—515, 10 fig. 

Description of Pelopia marginata n. sp. 

LENz, F. - Die 10. Mitgliederversammlung der Int. Ver. f. theor. u. angew. 
Limnol. 18—25 Aug. 1948 in der Schweiz, Arch. f. Hydrobiol., SGLIUL 
1949, 503—SO9. 

LENz, F. - Mittelbare Geschlechter-Findung bei Dipteren, Verh. Dtsch. 
Zoologen 1. Marburg, 1950, 285—289. 

Tuomas, R. - Sur une nouvelle méthode de coloration des cils et flagelles, 
Bull. Microsc. appl. (2), t. 2, 5/6, 1952, 70—74, 8 fig. 

A new formula for coloring flagella and ciliae. 
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Oyg, P. van - Le role des algues dans les concrétions calcaires, Bull. Soc. 
bot. Nord France, V, no 2, 1952, 50—54. 

The writer emphasizes that calcareous concretions observed at many 
places cannot be explained by physico-chemical factors alone and that 
certain algae play an important role in their formation. 

Ove, P. vAN - Etude sur les Desmidées du Grand-Duché de Luxembourg, 
Un probléme biogéographique, Bull. Soc. roy. bot. Belg., 85, 1953, 
157—194, 43 fig. 
Annotated list of 38 species and varieties of Desmids belonging to Io 
genera and collected by the writer in Luxemburg. The writer explains 
the relatively small total of the forms found and the absence of many 
important genera by the relatively recent origin of the sphagnum- 
moors formations in the Grand-Duchy as compared with those in the 
neighboring countries. 

Kwnupson, B. M. - The Diatom genus Jabellaria. Il. Taxonomy and morpho- 
logy of the plankton varieties, Ann. Bot., N. S., XVII, no 65, 1953; 
I3I—155, 7 fig., 5 tables. 

Discussion of 5 plankton varieties of Tabellaria which all proved to 
belong to T. flocculosa, and some of which have no claim to varietal 


status. 
Vaas, K. F. - Inleiding tot de sepatologie, De Trop. Natuur, 32, 2/3, 1952; 
5I—555 4 fig. 


On raising of “‘Sepat djawa”’ (Trichogaster trichopterus Pallas). 

Vaas, K. F. - Preliminary report on air transport of live fish in sealed tin, 
under oxygen pressure, Sect. II, Indo Pac. Fisheries Council, 1951, 
TOM p sy lO stables: 

Vaas, K. F. - Merkwaardige lagere kreeften, De Trop. Natuur, 32, 4, 1952, 
I3I—133, I fis. 
Report on an unknown Phyllopod from freshwater fishponds on Java, 
probably belonging to the family Streptocephalidae. 

Vaas, K. F. - Methoden en uitkomsten van biologisch onderzoek naar econo- 
mische bevissing in zee- en zoetwater, Landbouw, XXIV, 1952, 65— 
138, 16 fig., 9 tables. 
Contents: Introduction — Difference between fishery and fish-culture 
— Exploitation of sea-fisheries — Theoretical considerations on opti- 
mal catch — Corrections and new principles — Results obtained in 
practice — The third, continuous phase of biological work on fisheries 
— How things stand in Indonesia. 

Vaas, K. F. - Bemesting van binnenwateren, Chronica Naturae, no 106, 1, 
1950, 20—22. 
Considerations on fertilization of inland waters. 

FJERDINGSTAD, E. - A case of microcystis water colouring in winter, caused 
by an “explosion” in the mud layer at the bottom of a lake, Ozkos, 
3 : II, 1951, 243—246, 1 fig. 
With a note on the taxonomy of the genus Microcystis. 

AUSTRALIAN JOURNAL OF MARINE AND FRESHWATER RESEARCH - vol. By 1010) Ds 
October, 1952, and no 3, December, 1952. 
Containing valuable papers by J. P. Rosins, A. M. R. BURNET, R. J. 
AFFLECK (4), A. M. Rapson, E. H. MERCER and Patricia Kort. In the 
last paper (The Ascidians of Australia I) 23 new species of Stolido- 
branchiate and Phlebobranchiate Ascidians are described. 

SIMONSEN, R. - Diatomeen aus holsteinischen Kleingewassern, Schriften 
Naturw. Ver. f. Schlesw. Holst., XXVI, 2, 1953502091235 lation 
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List of 97 Diatoms from small watercourses of Holstein, with eco- 
logical remarks. 

THIENEMANN, A. - Limnologie und Wasserwirtschaft, Vattenhygien, no 2, 
1952, 25—43. : 
Lecture delivered at the Limnological Institutes Uppsala and Lund 
in May 1952. 

CHOLNOKI, B. J. - Beitrage zur Kenntnis der Algenflora von Portugiesisch 
Ost-Afrika (Mo¢gambique), I, Bol. Soc. Port. Cienc. Nat., IV, 2a serie, 
(XTX), I, 89—135; 7 pl. 

Annotated list of 165 Algae from Mocgambique. Described as new 21 
species and several varieties and forms. 

SLADECEK, V. & V. REHACKOVA - Buchansky Prazkych Studni, Cas. Narodn. 
Mus. o. Prirodov., 120 (2), 1952, I118—125, 15 fig., 2 tables. 

Note on 3 species Cyclopidae from wells in Prague, Czechoslovakia. 

Tuomas, E. A. - Produktionsforschungen auf Grund der Sedimente im 
Pfaffikersee und Zirichsee, Verh. Int. Ver. theor. u. angew. Limnol., 
XI, 1951, 409—421, 4 fig. 

Report on investigations regarding the degree of sedimentation in some 
swiss lakes during determined periods. 

Tuomas, E. A. - Neuere hydrobiologische Forschungsergebnisse aus dem 
Gewassersystem Walensee-Linth-Zurichsee, Wasser- wu. Energie- 
wirtschaft, nO 10, 1951, II p., 14 fig. 

Tuomas, E. A. - Zur Bekampfung der See-Eutrophierung: Empirische und 
experimentelle Untersuchungen zur Kenntnis der Minimumstoffe in 
46 Seen der Schweiz und angrenzender Gebiete, Monatsbl. Schw. Ver. 
v. Gas- u. Wasserfachmdnnern, no 2—3, 1953, 15 p., 3 tables. 
Report on investigations made in 46 swiss and other lakes in order to 
find out the matter-minimums. 

Vannuccli, M. & K. Hosoz, Resultados cientificos do cruzeiro do ,,Baependi“ 
e do ,,Vega”’ a I. da Trindade. Chaetognatha. Bol. Inst.Ocean., III, 
1952, 5—30 4 plates. 

With description of Prerosagitta besnardi sp. nov. 

Joty, A. B. - Re-Discovery of Mesogloea brasiliensis Montagne, Bol. Inst. 
Ocean., III, 1952, 39—46, I fig., I plate. 

Jory, A. B. - An approach to the Bibliography of Brazilian Algae, Bol. Inst. 
Ocean., III, 1952, I0I—113. 

RUSSELL, C. R. - Some Rotatoria of the Chatham Islands, Rec. Cant. Mus., 
VI, n°3, 1953, 237—244, 3fig. 

Described as new: Lecane eylesi n. sp. 

Bium, J. L. & J. T. Conover, - New or noteworthy Vaucheriae from New 
England salt marshes, Biolog. Bull., 105, 1953, 395—401, 29 fig. 

With description of Vaucheria minuta sp. nov. 

Bium, J. L. - The Racemose Vaucheriae with inclined or pendent oogonia, 
Bull. Torby Bot. Club, 80, 1953, 478—497, 66 fig. 

With description of Vaucheria longata sp. nov. and V. alaskana sp. 
nov. and a key to the species discussed. 

RUSSELL, C. R. - An Index of the Rotifers in the C. B. Morris Collection of 
Microscope Slides at the Cawthron Institute, Nelson, Tr. R. Soc. 
N. Z., 795 pt. I 1951, 52—54. 

RussELL, C. R. - Additions to the Rotatoria of New Zealand, Part 4, Tr. R. 
SOGHNG Zinc On Dine 15255902. 

Keratella carinata n. sp. must be considered as a synonym for K. javana 
Hauer. 
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RussELL, C. R. - Additions to the Rotatoria of New Zealand, Part 5, Tr. R. 
Soc. N. Z., 81, pt. I, 1953, 73-78 2 fig.. ; 

RussELL, C. R. - The Rotatoria of the Upper Stillwater Swamp, Rec. Cant. 
‘Mus., V, n°5, 1951, 245—251, I plate. 

Described as new: Keratella ahlstromi n. sp. and Trichocerca tigris form 
monostyla new form. 

TayLor, Wm. R., A. B. Jory & A. J. BERNATOWICZ, - The relation of Dicho- 
tomosiphon pusillus to the algal genus Boodleopsis, Pap. Mich. Aca. Sct., 
Arts & Lett., 38, 1952, 97—107, 3 plates. 

The above species is placed in the genus Boodleopsis under the name of 
Boodleopsis pusilla (Collins) comb. nov. 

FREY, D.C. - The Fishes of North Carolina’s Bay Lakes and their intraspecific 
Variation, 7. Elisha Mitchell Soc., 67, 1951; 44 Pp.» 2 fig. 20 tables. 
Notropis waccamanus Fowler is considered a synonym of Notropis 
petersont Fowler. 

FREY, D. G. - Pollen Succession in the Sediments of Singletary Lake, North 
Carolina, Ecology, 32, n°3, 1951, 518—533; 6 fig., 2 tables. 

Frey, D. G. - Pollen Analysis of the Horry Clay and a Seaside Peat Deposit 
near Myrtle Beach, S. C., Am. fFourn. Sct., 250, 1952, 212—225, 2 tables 

BAILEY, J. R. & D. G. FREY, - Darters of the Genus Hololepis from some Natu- 
ral Lakes of North Carolina, 7. Elisha Mitchell Soc., 67.1951, 1I9I—204, 
4 tables, ppl. 6—8. 

Described as new Hololepis thermophilus oligoporus, n.subsp. 

Fox, H. M. - Anal and oral Intake of Water by Crustacea, 7. Exper. Biol., 29 
1952, $38—599. 

KNupson, B. M. - The Diatom Genus Tabellaria, 111. Problems of infraspeci- 
fic Taxonomy and Evolution in JT. flocculosa, Ann. Bot., N. S., 17, 
n’68, 1953, 597—608, 4 fig. 

T. flocculosa var. asterionelloides is probably not a natural group. 

PRESCOTT, G. W. & A. M. Scott, - Some South Australian Desmids, Trans. 

Roy. Soc. S. Aust., 75, 1952, 55—69, 5 fig. 
Described as new: Cosmarium multigranulatum sp. nov., C. Ophelii 
sp. nov., C. pseudoquadratulum sp. nov., C. rotundum sp. nov., Stau- 
rastrum pseudosuecicum sp. noy., and a number of ,,varieties’”? and 
PLONE Saas 

CHAPMAN, V. J. & C. B. TREVARTHEN, - General Schemes of Classification in 
Relation to Marine Coastal Zonation, ¥. Ecol. 41, 1953, 198—204, 2 
tables. 

Hucues, E. O., - Phytoplankton of some Maritime Lakes, Can.Field-Nat., 66 
1952, 167—170. 

A list of 119 forms of Algae from 8 lakes in the Maritime Provinces. 

HuGues, E. O., - Closterium in Central Canada, Can. Journ. Bot., 30, 1952, 

266—289, 60 fig. 
Described as new: C. arcuarium sp. nov., C. planum sp. nov., C. eh- 
renbergu var. pseudopodolicum var. nov., C. laterale var. simplicius 
var. nov., C. malinvernianiforme var. gracilius var. nov., C. ralfsi var. 
kriegeri var. nov. 

Mann, K. H., - A Revision of the British Leeches of the Family Glosdipho- 
nidae, with a Description of Batracobdella paludosa (Carena, 1824) 
a Leech new to the British Fauna, Proc. Zool. Soc. Lond., 123, 1953, 
S/S) BE} ls Th AOS. 

FRESHWATER BIOLOGICAL ASSOCIATION, Twenty-first Annual Report, for the 
year ending 31st March, 1953. 
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CANTER, H. M. (Mrs. J. W. G. Lunn) & J. W. G. Lunp, - Studies on Plank- 
ton Parasites, II. The Parasitism of Diatoms with special Reference to 
Lakes in the English Lake District, Tr. Brit. Mycolog. Soc., 36, 1953, 
13—37, 6 fig., 5 tables. 

With description of Zygorhizidium planktonicum Canter, sp. n. 

Lunp, J. W. G., - New or rare British Chrysophyceae, II. 1 ‘yalobryon poly- 
morphum n. sp. and Crhysonebula holmesii n. gen., n. sp. The New 
Phytologist, 52, 1953, 114—123, 3 fig., 1 plate. 

INGOLD, C. T. & B. CHApMaN, - Aquatic Ascomycetes: Loramyces juncicola 
Weston and L. macrospora n. sp., Tr. Brit. Mycolog. Soc.; 35, 19525 
268—272, 3 fig., 1 plate. 

Lunp, J. W. G., - On Dinobryon suecicum Lemm. var longispinum Lemm; 
Chlamydomonas gloeophila Skuja; C. dinobryoni G. M. SmiItTH and 
Planktosphaeria gelatinosa G. M. SMITH with an Note on Sphaerocystis 
schroetert Chodat, The Naturalist, October-December 1952, 163—166, 
I fig. 

LitTLe, E. C. S., - The Decomposition Rates and manurial Value of some 
common Brown Seaweeds, Seventh Pacific Science Congress, vol. V, 
T9Q535,05p-. 2 fig. © table, 

CHAPMAN, V. J., - Distribution of Marine Algae in Relation to Continental 
Drift, Seventh Pacific Science Congress, Vol. V, 1953, 3 ps I fig. 

Cor iss, J. O., - Comparative Studies on Holotrichous Ciliates in the Colpi- 
dium-Glaucoma-Leucophrys-Tetrahymena Group. II. Morphology, 
Life Cycles and Systematic Status of Strains in Pure Culture, Parasi- 
tology, 43, 1953, 49—87, II fig., 2 tables. 

Study of life-cycle and of taxonomy of strains of Ciliates of the genus 
Tetrahymena Furgason; four species are recognized and discussed. 

Sitva, P. C. & G. F. PAPENFuss, - A Systematic Study of the Algae of Sewage 
Oxidation Ponds, in: Report on a systematic study of the algae of sewage 
oxidation ponds, SWPCB Publication no. 7, 1953, 35 p., 34 fig., 
6 tables. 

WoOJTUSIAK, R. J.,. W. KALKOWSKI, A. MEDWECKA-KORNAS & J. KORNAS - 
Investigations of the bottom fauna and flora in the Gulf of Gdansk 
made by using a diving helmet, Part V, Bull. Acad. Polon. Sct. et Lett., 
Classe Sct. math. et nat., Serie B: Sci/nat/(II), 1951, Cracovie 1953, 
II7—143, 15 fig., 2 tables. 

In this fifth contribution the material collected in 13 stations is discussed. 

RUZICKA, J., - Cosmarium obtusatum Schmidle, Preslia, XX V, 1953, 229—262, 
5 plates. 

A very complete study of the morphology and systematics of Cosma- 
rium obtusatum Schmidle, with description of new forms. 

ZELINKA, M., - K pozna ni jepic (Ephemeroptera) Vysokych Tater, Publ. 
Fac. Sci. Univ. Masaryk, 348, 1953, 157—167, fig., tables. 

Note on the Mayflies of the High Tatra with description of Rhithrogena 
tatrica N. Sp. 

ZELINKA, M., - Larvy jepic (Ephemeroptera) z povodi Moravice a jejich vztah 
k cistote vody, Acta Aca. Sci. Nat. Moravo-Silesiacae, XXV, Fasc. 5, 
1953, I8I—z200, 1 table. 

The Nymphs of Ephemerae from the River-basin of Moravice and their 
Relation to the Cleanliness of Water. 

MILovanovic, D. & A. ZIvKovic, - (Servian) A Research in Plankton Produc- 
tion in Fishponds at Ecka, a Study in Limnology of Standing Waters of 
the Pannonic Basin, Rec. Tr. Aca. Serbe Sct., XXIX, Inst. Ecol. & 


135 


Biogeog., n°3, 1953, 197—264, 10 fig., 6 tables. 
So far. the writers have been unable to find reasons for accepting a 
special ,,Pannonic type” for the ponds investigated. 

Barros, E., - Ceske Druhu Virniku Rodu Brachionus a Platyias s Klicem k 
Urcovani vsech druhu Obou Rodu, Casopis Nar. musea (prir.), 169— 
194, 10 fig.. 

List of and key to Bohemian forms of Brachionus and Platyias, in all 
sixteen forms. The most modern taxonomic arrangement is used. 

Vaas, K. F. & A. E. HoFsTEDE, - Studies on Tilapia mossambica Peters (ikan 
mudjair) in Indonesia, Contr. Inl. Fish. Res. St. no. L, 1952, 88 p., 22 
figy, 17 tables; 1 plates 
A complete summary of all the data known about T77/apia mossambica. 

SACHLAN, M.., - Notes on Parasites of Fresh-Water Fishes in Indonesia, Contr. 
Inl. Fich. Res. St. no. 2, 1952, 60 p., 16 fig., 28 photographs. 

Notes on 12 species of parasites of indonesian freshwater Fishes. 

KoMARovsky, B., - A Comparative Study of the Phytoplankton of several 
Fish Ponds in Relation to some of the Essential Chemical Constituents 
of the Water, Bull. Research Council of Israel, II, n°4, 1953, 379—410, 
TOMficess2 Ieetables: 

KoMAROVSKY, B., - A Cladoceran from the Plankton as a Possible Indicator 
for the Presence of the Nile Flood off the Israel Coast, Nature, Vol. 171, 
1953, P-937- 

FURNESTIN, M. L., - Sur quelques Chaetognathes d’Israél, Bull. Research 
Council of Israel, II, n°4, 1953, 411 —414, I fig. 

Notes on five species of Chaetognaths collected along the Israelian 
coasts. 

WIRSZUBSKI, A., - On the Biology and Biotope of the Red Mullet, Bull. n°7, 
The Sea Fisheries Research Station, Caesarea, Israel, 1953, 35 fig., 10 
tables. 

Ben-Touvia, A., - Mediterranean Fishes of Israel, Bull. n°8, The Sea Fisheries 
Research Station, Caesarea, Israel, 1953, 40 p., 20 fig. 

Annotated list of 211 species of Fishes collected along the coast of Israel. 

SCHAFER, H. W., - Uber Stisswasser-Ostrakoden aus der Tirkei, Publ. Hy- 
drobiol. Res. Inst., Fac. Sci., Univ. Istanbul, Ser. B, T. 1, fasc. 1, 1952, 
7—32, 27 fig. 

With description of I/yocypris brehmi n. sp., Eucypris pagasti n. sp., 
Heterocypris turcica n. sp. and Zonocypris inconspicua n. sp. 

HrRano, M., - The alpine Desmids from the Japanese Alps, 1. and 2., Botan. 
Magaz., Tokyo, LXVI, 1953, 125—134 and 205—210, 2 plates. 149 
forms listed in all. 

YAMAGUCHI, H. & M. Hirano, - Plankton Desmids from Lake Biva ee va kenge: 
Phytotax. Geobot., XV, n°1, 1953, 22—24, 7 fig. 

List of 27 forms; described as new: Closterium moniliferum (Bory) 
Ehrenb. var. elegans HIRANO, var. nov. 

Hirano, M., - Plankton Desmids from Fuji five Lakes and Lake Ashi, Acta 
Phytotax Geobot., XIV, n°5, 1952, 138—141, 10 fig. 

Staurastrum paradoxum Meyen var. inflatum Hirano and S. asterias 
Nygaard var. divergens HIRANO, are described as new. 

YAMAGUCHI, H. & M. HIRANO, - Plankton Desmids from Lake Biva Poe Pelee 
Phytotax. Geobot., XV, n°2, 1953, 56—60, 20 fig. 

Described as new: Staurastrum Biwaensis HIRANO sp. nov. and St. 
leptodermum Lund. var. capitatum H1RANO var. nov. 
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